This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=hItnAAAAMAAJ&ie=ISO-8859-1

Digitized by GOOS[Q



Digitized by GOOS[Q



Digitized by GOOS[Q



194
' 7
VI

e

%

PSR e e

A pm——




Digitized by GOOS [G




.
2771 eg -nymon
2






a

—

REEPYARY X3

s R, T s e -



LIFE

OF

| JAMES FERGUSON, I.R.S
1916 <177 ¢

IN A BRIEF

T

THts work is illustrated with One Hundred
and Fifteen Woodcuts, representing the vari- |
ous inventions of Ferguson, and other subjects ‘
connected with his life and adventures. _J‘

i

\ BY E! HENDERSON, LL.D, !

60 —13'//

A FULLARTON & Co.,
EDINBURGI, LONDON, AND GLASGOW,

1867,




[ A R




e SR e

TSy Sy

LIFE

OF

JAMES FERGUSON, F.R.S.,
1 7/0 -/77L

IN A BRIEF

AUTOBIOGRAPHICAL ACCOUNT,

AND FURTHER mNSFERR
MOEW Lpiasy

EXTENDED MEMOIR.

WITH NUMEROUS NOTES AND ILLUSTRATIVE ENGRAVINGS,

v
W 8[)(? »}%77
BY EU HENDERSON, LL.D. !

A FULLARTON & Co.,
EDINBURGH, LONDON, AND GLASGOW.

1867,




EDINBURGH:
FULLARTON AND MACNAB, PRINTERS, LEITH WALK




E 45
‘F358

" ————

TO

SIR DAVID BREWSTER,

K. W, D.C. L, LL. D, F.R. 8, V.-P. R. 8. E., &0
VICE-CUHANCELLOR AND PRINCIPAL OF
THE UNIVERSITY OF EDINBURGH,
THIS MBEMOIR IS RESPECTFULLY
DEDICATED
IN CONSIDERATION OF HIS FORMER SERVICES A8
EDITOR OF FERGUSON'S LECTURES, ASTRONOMY, ESSAYS,
AND OTHER WORKS;
AS WELL AS IN ADMIRATION OF

HI18 OWN DISTINGUISHED LABOURS

IN THE FIELD OF SCIENCE.



Digitized by GOOS [G




- ,,— - - -

PREFACE.

~~ AV s s

IN the summer of 1827 the Editor of this Memoir purchased,
at a book-stall in Edinburgh, a copy of Ferguson’s “Select
Mechanical Exercises;” and at this distance of time is still
retained a vivid recollection of the pleasure experienced
in the perusal of the “Short Account of the Author” pre-
fixed to the volume, and also of the disappointment felt at
its coming so abruptly to a close. Ferguson, in his prelimin-
ary remarks, promises to give the reader “a faithful and cir-
cumstantial detail of his whole proceedings from his first
obscure beginning to the present time,”—viz. from 1710—the
year of his birth—till 1773, the year in which the “ Account”
was written. It occupies 43 pages, 36 of which refer to the
details of his life in Scotland, while only 7 pages are devoted
to his life in England; the latter extending over a space of 30
years, of which next to nothing is there related.

To supply, if possible, more ample information regarding
Ferguson, the writer began so early as the year 1829 to collect,
from all available sources, as opportunity offered, whatever
particulars could be found and were not generally known. In
an examination lately made, with a view to publication, of cor-
respondence, memoranda and notes, these were found to form
a heterogeneous collection, comprising much interesting matter
little known, as well as certain particulars apparently of trivial
importance, but which, as these also indicated Ferguson’s pur-
suits at the time, have been retained.

With respect to arrangement, it was seen that if the auto-
biographical, or “Short Account of the Author,” was to be
republished, a departure from the usual biographical method
should be adopted: that the proper arrangement would then
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vi PREFACE.

be to reprint the “Short Account,” and throw all the materials
at command into annalistic sections, which has this advantage.
—it exhibits, in unbroken succession, year after year, the events
of his life, as far as these have been ascertained. In accordance
with this plan, the reader will find Ferguson's autobiographical
Memoir, illustrated with engravings and explanatory notes,
forms the first part of the work. This part begins with 1710,
and although written in 1773, may be said to terminate in
1748, as so little of himself is related in it subsequent to this
year. . '

The second part, or “ Extended Memoir,” begins with 1743,
the year in which he went to Londou: here it was necessary to
go back a little way into his autobiography, to notice and sup-
ply omitted incidents from that year till 1773, when his
Memoir was concluded, in order that the autobiography and
the Extended Memoir should be duly connected. This portion, .
commencing with 1743 and ending with 1776—the year of
Ferguson’s death—is chiefly compiled from his own works;—
the engravings and descriptions in which of his apparatus and
curious mechanical inventions are reproduced, explained, and
illustrated—from manuscript letters and philosophical papers
and drawings extant; from his latcly discovered Common Place
Book; from reviews and notices of his publications and inven-
tions;—found in the Records of the Royal Socicty, and in the
magazines and newspapers of the last century—and lastly, from
materials collected by the Editor during a period of thirty-six
years.

The Editor's correspondents have been numerous; the names
of many of them are given in the notes, and he avails himself
of this opportunity to offer to such of each and to all as are still
alive his grateful thanks. He now closes his labours, and will
feel much gratified if the work receives the approbation of the
public.

ASTRAL VILLA,

MUcKHART, August, 1867.
(Perthshire.)
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A SHORT ACCOUNT

LIFE oF THE AUTHOR.

A AR A AN AAA Y S S S S

1710.—“ As this is probably the last book I shall ever publish,!
1 beg leave to prefix to it a short account of myself, and of the
manner I first began, and have since prosecuted my studies.—
For, as my setting out in life from a very low station, and in a
remote part of the island, has occasioned sume false and indeed
very improbable particulars to be related of me? 1 therefore
think it the better way, instead of contradicting them one by
one, to give a faithful and circumstantial detail of my whole
proceedings, from my first obscure beginning to the present
time;® wherein if I should insert some particulars of little

! The book here alluded to is his *‘Select Mechanical Exercises,” pp. 272 ;
octavo, London, 1778. He, however, lived to publish ‘“ The Art of Drawing in
Perspective Made Easy,” &c., London, 1775:—*‘ The Description and Use of the
Astronomical Rotula,” London, 1775:—*‘ Three Letters to the Rev. John Ken-
nedy :” London, 1775:—and a sheet, ‘ Table of the Equation of Time,” London,
1776. (Copics of all these publications are in our possession.—Ebprr.)

? Many self-taught, and self-made men, in their latter days have been much
aunoyed by the false reports and improbable particulars, which had been put
into circulation regarding them. To such annoyances and false reports, however,
biography is greatly indebted for many interesting memoirs, which, otherwise,
never would have been published. In the present instance, it is indebted for
‘4 short account of the life of the author:"— of which ¢ short account” it has
been justly observed, ““ that there are few more interesting narratives in any lan-
guage” (vide Lib. Entg. Knowl., vol. i. p. 196).

31t is to be regretted that Mr. Ferguson did not fulfil the promise he here
makes. The *‘ Short Account” of his life which he prefixed to his * Select
Mechanical Exercises” embraces 43 octavc pages nearly,—36 of which are de-
voted to the details of his early life, in Scotland, from 1710 to 1743; (a period
of 383 years)—whilst only a small portion of the remaining 7 pages have been
made to suffice for recording details of his life in London,—from 1743 tuq
1773,—a period of 30 years! Had his life in England been written out as
minutely as was his life in Scotland, an additional 36 pages at least would
have been required for it, instend of a portion of 7 pages only. What had
made Ferguson alter his mind, and thus to have hurried over the details
of his life in London so very briefly, cannot now with certainty be known.
We niay, however, throw out a conjecture which may probably account for
the hiatus:—Our memoranda make it evident that he finished writing ' his

A
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moment, I hope the good-natured reader will kindly excuse
me.

I was born in the year 1710, a few miles from Keith, a little
village in Banffshire, in the North of Scotland,* and can with

Ferguson's Dirth-Place—Core of Mayen.

¢ Select Mechanical Exercises,” (to which he prefixed the short account of his
life) about the middle of August 1773 ; and that during the time he was correct-
ing its proof-sheets, he was slowly progressing with his memoir,—that his wife,
who had long been unwell, bLecame alarmingly ill whilst he was writing it, anud
died on September 3d, 1773. This melancholy occurrence, taken in connection
with his publishers being in pressing want of the memoir in order to have the
work published, would natumﬁy induce him to hurry over the latter half of his
life by recording a few incidents only. Probably he had got the length of the
86th page of his memoir when his wife died. His  Select Mechanical Exercises,
Wit}l a Short Account of the Life of the Author” was published about Sept.
16th, 1773.

. 4 Ferguson has here mistaken the locality of his birth-place. He was not
born ‘“a few wmiles from Kcith,” comparatively speaking, nor anywhere in
Keith parish, but at a place called the ¢ Quoir,” or Core of Mayen, nearly 11
miles east of Keith, in the parish of Rothiemuy, and about 2§ miles NE of
Rothiemay village. This we shall place beyond doubt by evidence from two
sources. e find in Sir John Sinclair’s Statistical Account of Scotland, vol. xix.,
p- 392, Edin. 1797, an article on ** THE PARISH oF ROTHIEMAY,” from_the pen
of the then minister of the parish, the Rev. Dr. Simmie, who notes that *‘ James
Perguson, well knovrn among men of Science for his publications on Astronomy,
was a native of this parish”’ (Rothiemay); and in a foot-note he adds, *“ To certify
this, it may be proper to subjoin, that my information of Mr. Ferguson’s being a
native of this parish, I received from his brother John Ferquson, who was an elder
of this parish, and who died very lately. He told me that his father's name was
John Perguson, his mother's Elspet Lobban; that they dwelt at the Core of Mayen;
that both he and his brother James were born there; that he himself was born in
1708, and that his brother James was two years younger. Accordingly, the Session
Record, whick is now before me, confirms this information in every particular;—
James Ferguson was born April 25th, 1710.” Dr. 8. concludes by saying, *“ 7 do
not recollect every particular related in the Memoirs prefixed to his works, not har-
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pleasure say, that my parents, though poor, were religious and
honest ; lived in good repute with all who knew them, and
died with good characters.®

ing seen them for several years; but John, his brother, who had read these memoirs,
Mi:'ti, cuﬂll‘;‘ t{wugh generally agreeable to fact, they were not equally correct in every
. particular.”

Here we have evidence direct from two undoubted authorities, —from John, the
elder brother, and from Rothiemay Session Record,—testifying that James Ferguson
was born at the Core of Mayen, parish of Rothiemay, Banffshire, Scotland, on April
25th, 1710, and not at a subsequent residence of his father’s, ‘‘a few miles from
Keith;” also, we here have his brother John assuring us that his brother James’s Me-
moir, ‘“though generally agreeable to fact,” was *“‘not equallycorrect in every particu-
lar;” no doubt this remark refers not only to the mistake he makes regarding the
locality of his birth, but also to several otﬁer inaccuracies in the original Memoir,
which will be found corrected in future notes. Thinking that it would be well to have
a copy of Ferguson's birth as it stands in the Session Records of Rothiemay, we ad-
dressed a note to the present minister of the parish, the Rev. Mr. Moir, soliciting him
to favour us with an extract. Mr. Moir not only complied with our m‘uest, but also
kindly furnished us with a great many very interesting &articulan relating to Fer-
guson, which will be found recorded in future notes. Rev. Mr. Moir, in his re;s)}i
observes, that ** from the time of the Reformation to the middle of the 1
century, the Records of the parish of Rothiemay form, I am sorry to say, a mass of
loose U , the p hip in which has b , tn many instances, almost
illegible, through the carelessness of those who had the charge of them. After a
and somewhat tedious search I have been fortunate in laying my hands on the leaf

taining the baptism of James Perguson the Astronomer, which I give below in
the orthography of the period ;" —viz.

“ Apryle 25, 1710.”
John Ferguisone in Quoir bad a son be bis wife Elspet Lobban, haptized,
and called James:—before witnesses, James Horn in Rattannach:—Jam:
Lobban yr. William Wilson yr.:—John Horn in Tilldown:—Elizabeth
Johnstone yr.:—James Lorimer yr.”

Rattannach is about jJths of a mile NW of the Core of Mayen:—Tilldown, or
Til‘lzdown, about } of a mile to the NE of it.

e may here remark that Ferguson wrote his Memoir in 1778, when in the
64th year of his age, the 81st year of his residence in London, and at a period
of nearly 40 years after he had ceased borisg a resident in the home of his

pe

parents. The greater part of this long was chequered, and a struggle
with poverty, which, taken in connection with each other, inclines us to
conclude that such would have a tendency to obliterate, or render faint, in
the evening of his days, the impressions of the ‘‘ mind-picture” of his early
years, thus making him mistake the place of his nativity. Be this as it
mar, it is certain that Ferguson could never have the slightest tangible re-
collection of the cot at the Core of Mayen, as his parents removed from it
in the year 1712 to some place now unknown, within *‘ a few miles of Keith,”
at which period James would be an_infant, and could not ibly remem-
ber anything about it; hence, we think there can be no Joubt that it is
to this afler residence of his parents, ‘‘a few miles from Keith,” he refers
here as the place of his birth. It would undoubtedly be the home asso-
ciated with the earliest dawn of his memory,—perhape this was the very cot
he alludes to in connection with his 7th or 8th year, the roof of which becom-
ing decayed he saw his father repair by raising it to its original position by
means of a lever and upright spar, the operution exciting in his young mind
‘* wonder, astonishment, and terror.” The after musings and experiments rela-
tive to said incident, were his first starting points as an experimental philosopher,
and the hases on which he reared his future fame ; if so, this after residence, “ a
few miles from Keith,” connected with, to him, such a remarkable occurrence,
would be certain to remain firmly fixed on his mind during all the ups and downs
of hix after-life. If this is the cottage he had in view as the place of his birth,
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'
As my father had nothing to support a large family but his
daily labour, and the profits arising frum a few acres of land
which he rented, it was not to be expected that he could bestow

then, it beconies a question where was it situated? This cannot now be known
in consequence of the indefinite way he refers to it; it was ‘‘ a few miles from
Keith,” he says, but does not mention in what direction from that village.
Tradition and conjecture are now therefore the only guides, and they at present
point to the following places, situated in nearly every direction round Keith,—
viz.

1st, To Forgieside, 3 miles NW of Keith.

2d, To Achorties, or Denhead, 1 mile 8 of ditto.

3d, To Drum, or Greenslades, 1} mile E of ditto.

4th, To Achandacy (vicinity), 4 miles SE of ditto.

5th, To Cantly, atout 24 miles ENE of ditto,

and even to Old Keith itself ! But as Ferguson himself assures us that it was “‘a
few miles” distant from Keith, therefore, the site must be sought in some direc-
tion, between 3 and 5 miles of Keith.

Had we been certain that Ferguson, when alluding to his father's residence in
his Memoir, had always in view one and the same cot, we could have fixed the site
with tolerable exactness, as we would then have entered his own Memoir, and
made the site correspond to the following conditions he gives us:—At 2d of
his Memoir he mentions that the cot was *‘a few miles from Keith.” 2d, At

age 15, that it was *‘ 12 miles distant” from one of the residences of the Earl of

fife. 3d, At page 16, that it stood ** cluse by a public road; ™ and 4thly, At

19, that it was ‘“about seven miles from Durn” (seventeen miles?). But as there
is no certainty that Ferguson refers in his Memoir to one and the same residence
of his parents, we cannot draw correct conclusions from these quotations; and we
regret that the site must still be left in charge of tradition and conjecture. It is,
however, evident, from our memoranda on the point, that this cottage to which
Ferguson’s father removed when he left the Core of Mayen for Keith parish, stood
somewhere in one of the Cantlies, belween 8 and 4 miles to the ENE of Keith.

KEiT.—The Keith to which Ferguson here alludes is at the present day culled
‘¢ Old Keith,” to distinguish it from two modern Keiths in the immediute vicinity
which have sprung up since the middle of last century:—viz. 1st, New Keith,
now Keith proper, is situated on a rising ground a few hundred yards to the south
of Old Keith ; and 2d, Fife Keith, adjacent to it on the west. As none of these
modern Keiths is connected wth Ferguson's history, we pass them by, and con-
fine our remarks to a few observations on Old Keith, as it was in his youth.

Oup KEITH, or what may here appropriately be designated ¢ Perguson’s Keith,”
is a villuge of unknown antiquity,—authentic records, relative to its church, dute
as early as 1203. The village is situated on the southern bank of the rivulet Isla
and in the centre of an amphitheatre of hills. In early times, the magnitude of the
village corresponded to the importance of its judicial authority. It ** enjoyed the

wer or privilege of Pit and Gallows.” Its court of Regality sat in the church.

eing built in an inconvenient situation, it was gradually abandoned after 1750, in
favour of New Keith on the south, and is now dwindled down into an insignifi-
cant hamlet. Tt is situated on the main road leading from Huntly, Rothiemay,
and Grange, to Fochabers, Elgin, and Speyside. In Ferguson’s young days
it appears to have consisted of about €0 clay-built and rubble cottages, with 800
inhabitants, who were employed in nficultunl pursuits, in weaviug, spinninﬁ,
flax-dressing, &c. The old church of Keith stood on the north side of the church-
yard, and with it are associated ‘‘ some memorable deeds of other days,”
which the reader will find well detailed in the ¢ Legends of Strathisla,” a very
entertaining little work by our friend Mr. Robert S8im, Keith. About 7 yards from
the west gable of the old church, and in the church-yard, stood the *‘old Gram-
mar Schovl of Keith," in which Ferguson had ‘¢ about 3 months’ instruction. The
old church and school were removed in 1819, About 40 yards SW of the old gram-
mar school stood the Manse of the Rev. Mr. Gilchrist, which Ferguson men-
tions in his Memoir. The Mansc has also been removed; so at the present day
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much on the cducation of his children, yet they were not ne-
glected ; for at his leisure hours he taught them to read.and
write :———And it was while he was teaching my elder brother
to read the Scotch Catechism that I acquired my reading.

there is no building standing connected with the subject of our memoir. Keith
is situated in lat. 57° 34’ 48" N, and long. 2° 55° 10" W, at a distance of 133 miles
NNE of Edinburgh, by Huntly; 49 miles NW of Aberdeen; 20 SW of Banff;
12 SSW of Cullen; 17 ESE of l‘;lgin; 59 ENE of Inverness; 8 SE of Fochabers;
and 10 NW of Huntly. RaIL distances are different.

CoRrE OF MAYEN:—The Rev. Mr. Moir of Rothiemay, in a note, informs us
that ‘“ The Core of Mayen is in the central portion of the estate of Mayen. It is
n hollow surrounded by hills of considerable elevation on the north, west, and south
sides, and open to the cast. It is so completely enclosed by hills that the crops in a
late season are in danger of not ripening. [t is ahout a quarter of @ mile broad,
and nearly three quarters of a mile in length. A BURN or rivulet flows dowon the
middle of the hollow, and forms the boundary betrween the parishes of Rothiemay
and Marnoch, so thal one half of the hollow, that on the north-cast, called Tillic-
doun, is in Marnoch, the other half, that on the south-west, is called the Core, and
18 in the parish of Rothiemay. In this portion stood the cottage in which the astro-
nomer was born. About twelve years ago (1848) the ruins of the cottage were re-
moved, and i3 site is now within « corn field. The well of the Ferguson family,
however, is still to be seen, and a solitary tree indicates the site of the cottage. The
Core lies to the north-east of Rothiemay parish church, and is distant from it fully
two miles, and is about cleven miles due east of Keith.” We may here note, that
the site of the cottage in which Ferguson was born is within a few hundred
yards of the western boundary of Aberdecnshire ; hence, Banffshire was exceed-
ingly near losing the honour of registering the astronomer as one of its illus-
trious sons.

We annex a view of the cottage at the Core of Mayen in which he was
born, taken from an old pen and ink sketch of date about 1780. Referring to
one of our notes, we observe that ‘¢ Ferguson's birth-place cot™ stood unroofed
in 1807, and that previous to the entire removal of its walls, they werc nearly on a
level with the ground—immediate cause or urgency for the removal of the founda-
tions being a want of stones to build a neighbouring dike. A stone pillar ought
to be erected on the site, to inform future generations, that on this spot stood a
cot, wherein the rustic astronomer was born.

S DEATH oF FERGUSON's PARENTS.—We have made a great many inqui-
ries respecting the date of death, the age at death, and place of interment of
Ferguson’s parents, but without, we are sorry to say, any satisfactory result.
However, we find him in his Memoir, at 27, referring to the period he
resided in Edinburgh, viz. 1734-1736; anJ in alluding to his success in tak-
ing likenesses there, he mentions, that he was enabled thereby ‘‘ not only to
put a good deal of money in his pocket, hut also to spare what was sufficient
to help to supply my father and mother in their pld age.” Here we ascertain
that both parents were alive and in their old age in 1735; and it is evident, from
the opening lines of his Memoir, that they were both dead in 1773, when he
wrote it; hence, all we learn from him respecting this question is, that they
died somewhere between the years 1735 and 1773.  On carefully going over our
notes on this point, we think that this interval can be very much narrowed. Our
notes make it xtgpear evident that the parents wero born ahont the year 1670,
and died about 1741, in their 71st year; consequently, when Ferguson was in Edin-
burgh, in 1735, his parents wonlt{ then be in their 65th year;—and when he left
Scotland for London, in May 1743, they would be both dead. His wife’s father,
George Wilson, died in 1742,—thus, within two years, 1741-1742, three tender
cords were broken, and probably such sad events may have had considerable
weight with him when he determined to leave Scotland for London.” We may
add, that the Rev. Mr. Annand, Minister of Keith, in his reply to our inquiries
respecting the dates of deaths of Ferguson's parents, says, ‘‘ It is currently
reported here that Mr. Ferguson's parents, in their latler days, left Keith for
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1716.—Ashamed to ask my father to instruct me, I used,
when he and my brother were abroad, to take the Catechism
and study the lesson which he was teaching my brother; and
when any difficulty occurred, I went to a neighbouring old
woman, who gave me such help as enabled me to read toler-
ably well before my father had thought of teaching me.®

Rothiemay, but that the father afterwards returned to Keith and died there. The
inference from this appears to be, that his mother had died at Rothiemay and had
been buried there, and that his father had been buried in Keith churchyard.” Dr.
Cruickshanks, of Marischal College, Aberdeen, in his note to us on this matter,
obeerves, ¢ It is very probable that Rothiemay was the burial-place of the family,
and that his body was brought thither from the parish, for corpses are often carried
much farther to be deposited beside those of relations. In those days there were no
reqular registering of deaths or funerals.” Grave-gtones appear to have been the
usual and only record of deaths at the period referred to. ere are no memorial
stones of Ferguson’s parents at Keith or Rothiemay; but, as before mentioned, as
far as we can judge from the notes before us, the parents died between the years
1740 and end of 1741.

¢ It may appear singular to many that Ferguson should have felt askamed to ask
his father to instruct him. We have always thought that the word ashamed is
too strong a word for expressing a tender feeling of bashfulness. The old Scotch
way of ex[reseing such a feeling would have been for him to have said ** 7 didna
like til ask wny faither ta learn me.” He would see his father in the evenin
after a hard day’s toil, sit down on his chair and instruct his elder brother. ﬁ:
would see the trouble his father had as an instructor, and he therefore ** did not
like,” or did not wish to throw any additional labour on his father’s hands. Being
at this time in his 6th year, he would be left at home with his mother, and often
would he peep into the old Catechism and endeavour to master its lessons. Diffi-
culties would arise before him, but when they did, ke informs us that he *‘ went to
a neighbouring old woman,” who helped him over them. But why did he go to the
old woman for help? Why did he not apply for assistance to his own mother who
was constantly by his side? Such questions cannot now be answered with cer-
tainty. We niay, however, venture to remark, that either his mother was unable
to render him any assistance in the way of self-tuition; or, that he ‘¢ went to the
neighbouring old woman ” by stealth for aid, in order to give his parents a sur-
prise at beinf able to read without having been taught by them.

He hers alludes to the *‘Scotch Catechism” (sometimes called the *¢ Single
Book"). 1twas a duodecimo tract of a few pages only. One page had the A B C
repeated inﬁi{et‘ent sorts of letters, and a few letters thrown into mono-
syllables, and then followed the questions and answers approved of by the Church
of Scotland, and which had to be committed to memory. It was a kind of
Primer in schools in the early F“t of last century, and was sold at a penny.

He also here s of his father and brother when *¢ they were abroad,” i. e.
out in the fields ; but as this *“ elder brother ” could not at this time be more than
8 years old, we cannot suppose that such a mere child would then be set to any
out-door work, but that he merely went along with his father to bear him com-
pany and wile away the time.

His father appears to have been a superior man for his station in life. To
be able to write 1n his young days (about 1680), was an uncommon accomplish-
ment, and perhaps not one in a thousand of his class could either write, or rcad
what was written.

The * elder brother” was named JouN. He was born at the Core of Mayen,
March 12th, 1708, and died in 1796, aged 88. He was consequently 2 years
older than James. The Rev. Mr. Moir, of Rothiemay, has kindly furnished us
;ith :in extract of the birth of his *‘ elder brother,” from Rothiemay Baptismal

ecord. :
“* John Perguig '} in Quoir had a son be his wife Elspet Lobban, baptized
and called J before witnesses John Lobban in Rettanach; -John

{
¢
!
[
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1717.—Some time after, he was agreeably surprised to find
me reading by myself; he thereupon gave me further instruc-
tion, and also taught me to write; which, with about three
months I afterwards had at the grammar school at Keith, was
all the education I ever received.”

Old Grammar School, Keith.——(Built 1695—Removed 1819).

My taste for mechanies arose from an odd accident. When
about 7 or 8 years of age, a part of the roof of the house being
decayed, my father, desirous of mending it, applied a prop and
lever to an upright spar to raise it to its former situation; and,
to my great astonishment, I saw him, without considering the
reason, lift up the ponderous roof, as if it had been a small

George, in Glennie House:—John Horn in Tillidown:—Isabel Davidsone,
in Rettanach;—James Lobban yr. and Jean Ferguisone.”

This brother, John, resided at Relashes at the time of his death in 1796, which
place lies about 14 mile NW of the Core of Mayen, and was at the time one of
the elders of Rothiemay parish. He thus lived 20 years after the death of James.

7 GRAMMAR ScHOOL OF KEiTH.—The old Grammar school of Keith, to which
Ferguson here alludes, and in which he had ** about 3 months' ” instruction (about
1718), was built in the year 1695, became ruinous about the year 1780, and wus
then disused as a school. Shortly after 1782 it was repaired and used as the
session-house of the church. In 1819 it was entirely removed, so that there is
now not a stone standing to mark the site on which it stood. We may note,
however, that it stood in the NW corner of the old churchyard, at a distance of
20 feet from the west gable'of the church, and about the same distance NE of the
vack wall of the present manse. The old grammar school was a small building,
being only about 30 feet long, 16 feet broad, and 12 feet high. The view we give
of the old school is taken from a drawing sent to us from Keith.
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weight® I attributed this at first to a degree of strength that
excited my terror as well as wonder; but thinking further of the
matter, I recollected that he had applied his strength to that end

Ferguson's Father raising the Roof of his Cottage.

of the lever which was furthest from the prop; and finding, on
inquiry, that this was the means whereby the seeming wonder
was cffected, I began making levers (which I then.called bars);

i

* The lever used on this occasion by Ferguson's father was evidently one of
the ** first kind,” that is, having the prop or fulerum placed between the weight
and the power, but very much necarer to the weight. The velocity of each
point of such a lever being directly as the distance of the point from the prop,
the power gained will be in proportion to the different lengths of the arm of
the lever on each side of the prop or fulerum. We shall illustrate this roof-raising
case to our young readers hy giving them a short calculation relative to the pro-
bable weight of the cottage roof, and the length of levér which would be re-
quired to raise it:—1st, The total weight of the roof, composed of timber, turf,
heather, and straw, could not exceed a ton, (or 22401hs.) But as only ‘“‘a part "
had to be lifted, the estimated weight of the lift would not probably exceed half
a ton, or say 1200 lbs. Some of our old notes regarding this roof make it evident
that a large portion of the back part of it, near the top, had hegun to sink, thrust-
ing the front rart of the roof forward so as to overhang the front wall. In such
a case the ends of the several rafters resting on the back wall would have to be
secured 50 as to prevent them slipping out of their places during the operation of
hfting the front part. Let us therefore assume the weight to be 1200 1bs., the
lever 16 feet in length, and the prop 1 foot distant from the weight. In
this case, we have the end of the long arm of the lever 15 feet from the prop,
and the short arm, a length of one foot only; hence, without taking into
account the weight of the lever itself, we have the power as 15 to 1; that
is, by using such a lever, a man can lift 15 times more than by his unaided
strength.  Suppose Ferguson's father exerted a power of 160 lbs. at the
end of the long arm of such a lever, then the power he would gain would be
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and by applying weights to them different ways, I found the
power gained by my bar was just in proportion to the lengths
of the different parts of the bar on cither side of the prop. I
then thought it was a great pity that, by means of this bar, a

weight could be raised but a very little way. On this I soon
imagined that, by pulling round a wheel, the weight might be
raised to any height by tying a rope to the weight and winding
the rope round the axle of the whecl, and that the power gained
must be just as great as the wheecl was broader than the axle
was thick, and found it to be exactly so, by hanging one weight
to a rope put round the wheel, and another to the rope that
coiled round the axle; so that, in these two machines, it appear-
cd very plain that their advantage was as great as the space
gone through by the working power exceeded the space gone
through by the weight; and this property I also thought must
take place in a wedge for cleaving wood, but then I happencd

160 X 15=2400 lbhs., that is, with such a lever, instead of being able to lift the
assumed 1200 Ibs. of roof, he would have heen able to have raised a weight or load
of roofing of closc upon 2400 Ibs. had it been required ; henee, the lift of 1200 1bs.
would be done with the greatest ease,—the father would *¢ %/t up the ponderous
roof as if it had been a small weight ;"' as by exerting only one half of his strength
at the power end of the lever he would raise a roof of 1200 Ibs. weight. (The lever
used by Ferguson's father:—In the annexed engraving we have a bar or lever 16
feet long; the prop at 15 fect from the power; hence, the power being assumed
at 160 1bs., it will balance 24001bs. on the top of ** an upright spar” as shown,
or 2400 Ibs. hanging to the point at 16—the weight of lever and spar being
nothing). We here give a fanciful drawing of Mr. %’ ‘s father raising his cottage
roof, in order to show how it was done. Probably the lever used on this occa-
sion was either a timber plank or strong and straight limb taken from some treo.

B
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not to think of the screw.” By means of a turning-lathe which
my father had, and sometimes used, and a little knife, I was
enabled to make wheels and other things necessary for my pur-

pose.’’

Wheel and Axle.

1719.—I then wrote a short account of these machines, and
sketched out figures of them with a pen, imagining it to be the
first treatise of the kind that ever was written; but found my mis-
take when I afterwards showed it to a gentleman, who told me

* Fergusou here explains the action of the whecl and axle question in language
so simple that it can scarcely be misunderstood ; but as some of our young readers
may not clearly comprehend it, we will lay before them an ii‘l'ustration —
1st, In the wheel and 1n the axle an infinite number of lines must be supposed to
proceed from the centre to the circumference. These lines are called radii, in
short they represent levers, and are therefore perpetual levers. Suppose a line
from the axis of the wheel to its circumference to measure 12 inches, and a line
from the centre of the axis to its circumference, 3 inches, then we have two levers,
one of 12 inches, the other of 3; hence, 12 - 3=4; that is, a weight of 11b. on
the circumference of the wheel will balunce a weight of 41bs. on the axle, as
shown in the engraving annexed.

10 Ferguson's father appears to have had a taste for mechanics. We see
that he understood the phiY:sophy of the lever, and no doubt, the other mechani-
cal powers also. Here we find him in possession of a turning-lathe. But what
had a small crofter or daily labourer to do with a lathe? Mr. F. merely says that
his father ** sometimes used " it, but does not inform us whether he used it in the
way of amusement or for profit. We are inclined to think that the father kept
it for profit, in order to enable him to eke out his little income in support of the
family. In our 4th note, the reader will find that in the early part of last cen-
tury, Keith and neighbourhood abounded with Spinning-wheels, Pirn-wheels,
Reels, and Looms, and for the frequent repairs of such articles a turning-latho
would be absolutely necessary, and thereby become a source of profit.
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that these things were known long before, and showed me a
printed book in which they were treated of; and I was much
pleased when I found that my account (so far as I have carried
it) agreed with the principles of mechanics in the book he
showed me. And from that time, my mind preserved a constant
tendency to improve in that science.! .

1720.—But as my father could not afford to maintain me while
I was in pursuit of these matters, and I was rather too young
and weak for hard labour, he put me out to a neighbour to keep
sheep, which I continued to do for some years;™ and in that
time I began to study the stars in the night. In the day-time
I amused myself by making models of mills, spinning-wheels,
and such other things as I happened to see.!s

11 Although Ferguson gives us an account of his lever, &c., experiments,
and of his writing a treatise on them in two consecutive pages, as if all had
happened within a period of a few weeks or months, yet we must not understand
it so. We are inclined to think that the interval of time between the raising of
the cottage roof and that of writing his ‘ Treatise” embraced a period of at least
two years. When the roof of the cottage was raised, Ferguson was in his 7th or
8th year, and when he wrote the *‘ Treatise,” he would be about 10 yearsold. A
precocious boy at such an age would be able to write a rude treatisc as Mr. F.
did, but we scarcely think that a boy 7 or 8 years old could have done so from
self-instruction.

12 Ferguson has not given us the name of this *‘ neighbour "—(his first
employer), to whom he was sent to keep sheep,—and as all our inquiries for it in
Banfishire had turned out unsuccessful, we had resolved to pass the matter over
without note or comment. Latterly, however, our attention was directed to an
American publication:—*‘* A Memoir of Mary L. W. Pichard, Boston, U.8., 1856.”
At page 9 we tind the name of Ferguson's first master mentioned. His name
was ALEXANDER MIDDLETON. We give the extruct in full :—*¢ In January
1802 Mr. Pichard was called to England on business, and took with him his wife
and little Mary, then but three months old. They remained there a year and a
half visiting both his and her relations in different parts of the kingdom. Mrs.
Pichard being connected, on her mother's side, with Alexander Middleton, a Scotch
farmer, in whose family Ferguson the astr lived as a shepherd-boy, and
of whom, with his wife and three children, there are still existing, likenesses
drawn in pencil by that lad, so celebrated as a man.” Besides being thus fur-
nished with the name of his first master, we also discover that Ferguson drew his
likeness, and that of his wife and three children. Ferguson did not begin to take
likenesses in his native county, Banffshire, until after his return to it from
Edinburgh, in the end of the year 1736; and as he left Scotland for London in
May 1743, these portraits of the Middleton family must have been taken between
the years 1736 and 1743.

13 Our memoranda relative to this period of Ferguson's life make it evident
that he was “put out” to keep Mr. Alexander Middleton’s sheep in 1720,
when he was 10 years old, and continued in his service 4 years, viz. until 1724;
and consequently it was between these years that he ¢‘ began to study the stars tn
the night.” In the day-time, he informs us, that he ** amused himself by making
models of mills and such other things that ke happened to see.” At this period there
were, and are still, several mills near Keith, and then ** spinning on the spinning-
wheel ”” was practised by females in almost every house and cot, not only in and
around Keith, but over all Scotland ; and as *‘ every spinning-wheel would have
s reel,” no doubt reels would be among the models he fushioned with his whittle
or knife on the bleak hill-sides. But there is a model he is reputed to have then
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1724—1 then went to serve a considerable farmer in the
neighbourhood, whose name was James Glashan. I found him
very kind and indulgent; but he soon observed that in the

made, on which he is silent, viz. making a * horse-head clock.” Our note on
this says, ‘“ the story is well known here,” i. ¢. Banffshire.

‘“It is a ludicrous blunder that the French astronomer, Lalande, makes, in
spesking of Fe n, when he designates him as * Berger au Roi &’ Angleterre
en Ecosse,’ i. e. the King of England’s shepherd for Scotland. He had no claim
to this pompous title; but it is true that he spent some of his early years as a
keeper of sheep, though not in the employment of the State, but of a small
farmer in_the neighbourhood of his native place” (Lib. Entg. Know., vol. i., p.
198), in Banffshire, —‘* that when in the 114k or 12th year of his age, when em-
ployed in herding, ke fitted up a clock within the skull of a horse, and fastened it
to a willow tree on the banks of the Isla, to let him know when to drive Ris sheep
and cattle home.” We can scarcely credit this story;—if he is connected with it
at all, we should rather be inclined to think that he would use the horse-skull as
a sun-dial, for the oddity of the thing, having the stile in the fore-head and the
hours laid down round it. A tree, however, would perhaps have served the pur-
pose much better by using the trunk of a tree as a stile, and having stones at
proper distances round it to denote the scveral hours. It would appear that Fer-
guson did not attempt making a clock until at least 7 or 8 years after the period
under review (vid. note 30). Therefore, probably this story of ¢ the horse-head
clock ” was one of the many * false am) improbable particulars™ which ¢ had
been related of hvm " (vid. note 2),

The late Capel Lofft, Esq., has several allusions to Ferguson in his
‘“Euposia, Or A PoEM oN THE UNIVERSE" (12mo, pp. 248). ** Printed and
sold by W. Richardson in the Strand, and W. Dilly in the Poultry, London 1781;"
now out of print, and very scarce. The following extracts from *‘ Eudosia,”
relate to Ferguson's shepherd-boy period, &c.: —

‘¢ Nor shall thy guidance not conduct our feet,

0 honoured shepherd of our later days!

Whom from the flocks, while thy untutor'd soul,

Mature in childhood, trac'd the starry course.  (Book 1., v. 15.)

Astronomy, enamour’d, gently led

Through all the g lendif labyrinths of Heaven,

And taught thee her stupendous laws, and clothed

In all the light of fair simplicity,

Thy apt expression. Hail! ye friends of men:

Who, while ye lived on earth, ranged Heaven, and brought

The hours, the days, the year, to regulate

The life of mortals.”
(Vide ¢ Eudosia, or a Poem on the Universe;”

Book I1., p. 32, lines 32 to 43.)

And agnin, in ** Evposis,™ Book V., we have as follows (subject, Eclipses) —
referring to this period : —
¢ Nor thee, ENDYNMION of our later age,

Sage shepherd of the northern Scotia’s hill,

Shall grateful memory forget. How blest, (125, Book V.)

If to my verse the favouring muse indulge,

‘The happy clear expression which she gave

Thy simple prose. O teach me to express,

Familiar, what the causes of ECLIPSE,

Their difference, their limits, and their use,—

Since knowledge taught by thee, O! Ferguson,

Seemed intuition to the learner’s car.

Thy parent Earth in infancy beheld

Thee with untutor’d genius on the stars

Intent; above thy years, and far beyond 135.
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evenings, when my work was over, I went into a field with a
blanket about me, lay down on my back, and stretched a thread
with small beads upon it at arm’s length between my eye and
the stars, sliding the beads upon it till they hid such and such

Thy humble lot; nor lowery mead, nor play,
Nor sleep, beguil’d thee from the beauteous scene ;
Nor poverty, nor health infirm, suppress'd
The active vigour of thy mind; nor all
That lowering fortune interpos’d, eclips’d
The piercing ray of thy superior soul,
Heaven-taught philoso;]»her! Thy wandering sheep
Saw thee, with eye sublime, reading the Heuvens;
Nor wanted they a guide—the good old man,
Whom gratefully thy modest page rewards: 145.
To thy fidelity and genius just
Provided hours of leisure, that secure,
Nor fearful for the charge—thy eager view
Might range the firmament.”
(Vide *“ Eudosia, or a Poem on the Universe ;"
Book V., pp. 115-1186, lines 123 to 149.)

Note.—Mrs. Anne Casborne, of New House, Pakenham, near Bury St.
Edmunds, the daughter of the late Capel Lofft, Esq., author of * Budosia,” in
one of her letters to us relative to her parents, says, ‘‘ My father, Mr. Capel Lofft,
author of ¢ Eudosia, a Poem on the Universe,’ was born in London on 25th Nov.
1762, and died at Montealiere, near Turin, in Italy, on 26th May 1824, in the
72d year of his age. My mother, Anne Emblin, the pupil and the Eudosia of Fer-
guson’s * GENTLEMEN AND LADIES' ASTRONOMY,’ was born at Windsor in Febru-
ary 1758, and became the first wife of my father, Capel Lofft, on 20th August
1778 ; she died on 8th September 1801. . . . . [ was young when she died,
and do not recollect her mentioning Ferguson's name, except her showing me, just
before her fatal illness, Ferguson's Moveable Planisphere, saying, she would teach
me Astronomy, as she had been taught by him. This Planisphere [ have still in
my 7 I have also a portrait in chalk of Ferguson, left by him to some
ludy of title at Windsor, who left it to my grandfather. . . . The portrait is
somewhat faint, particularly about the mouth; I can discover no initials or datc,
either in the corners or on the back. I cxpect a visit from my half-sister, Laura
Capel Loflt, the beginning of next month ; she was brought up in Maly, and is
quite an artist, and a most beautiful copyist. I will ask her to copy Fergquson's
portrail for you in the diminished size you wish. . . The size of the original
portrait, not including the gilt frame, is 22 inches by 17. . . . Myaunt, who
died about 22 years ago, has often told me that my mother went as a pupil to study
Astronomy under Mr. Ferguson, Bolt Court, Fleet Street, London, when she was
young in her teens, about 1767, and often stayed with him. She was then in all her
youth and beauly, and when GEORGE 111. used to call her the flower of Windsor.
Her ardent taste for Astronomy astonished her younger sister and parents.”

Mr. Capel Lofit, in the agpendix to his ¢ Eudosia, or a Poem on the Universe "
(p. 222 to 225), gives a short account of Ferguson, condensed fronr the ori-
ginal memoir. At p. 225 he says, *‘ Some manuscript, tables, diagrams, and a
philosophical correspond of this h -taught philosopher, are in my hands,
which were given by him to my Eunosia before our marriage; for he had no pupil
whose genius and disposition he more esteemed than hers; nor can I reprove myself
Jor the pride whick I often feel in reading over his letters to Miss Emblin, wrilten
to her before our marriage.” At page 224 of Eudosia, Mr. Lofft informs us, that
a letter of Ferguson's, relative to his styling his pupil Eudosia i his As-
tronomical Dialogues, was the cause of his naming his own poem *‘ Euposia.”
Mrs. Casborne, in alluding to the ‘‘ manuscript, tables, diagrams, and a philo-

phical dence” of Ferguson's sent to her mother, says, ‘¢ that they can-
not now be found, being long lost."”
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stars from my eye, in order to take their apparent distances
from one another; and then laying the thread down on a
paper, 1 marked the stars thereon by the beads, according to
their respective positions, having a candle by me.** My master

at first laughed at me, but when I explained my meaning to
him, he encouraged me to go on; and that I might make fair

" Considering that it would be interesting. if it could be ascertained, as towhether
or not Mr. Glashan lived to hear of Ferguson's success and renown, we resolved to
make inquiries to clear up the point. The only way which appeared to be open for
us, at this distant geriod, was that in which we might get at the date of his death.
We accordingly addressed a note to the present minister of Keith, the Reverend Mr.
Annand, on the subject of the date of his death and age; who, in reply, informs us
that he was interred in the church-yard of Keith, where there is a stone to his me-
mory, and that the inscription on it records that ‘‘ JAMES GLASHAN WAS BORN ON
11th DECEMBER 1686, AND DIED ON 9th JANUARY 1771.” These dates make clear
several little matters, which, without them, would have heen unknown, viz. 1st,
It is evident that Mr. Glashan died at the advanced age of 84 ; 2d, That he was
in his 39th year in 1725, when Ferguson (then 15) entered his service ; and
3d, That he died only 5 years and 10 months before Ferguson ; consequently
he lived nearly through the whole of Ferguson's life-time, and would there-
fore hear of his many Astronomical, Mechanical, and other publications, and of
how well they had heen received and appreciated by the public. He would hear,
and no doubt would rejoice when he heard, that his Majesty, George I11., had
bestowed on him a pension of £50 a-year; and of his having been elected a
free member of the most celebrated scientific body in the world — namely,
Fellow of the Royal Society. By being so successful in his writings, and by
having had so many distinguished marks of honour and respect conferred on him,
would gladden the heart of the kind James Glashan, and no doubt would often
bring to his mind the days of 1725, when his farm-laddie used to go out into
the adjacent fields and hill-slopes, in the cold clear winter evenings, swathed in
a blanket or faker, and armed with a lighted lantern, beaded-thread, paper, and

ncil, to take the relative bearings of the stars: and of how ke was wont to sit

eside him in the old barn, in the g:y-time, ¢ busy with his compasses, ruler, and
pen.” These and similar other little incidents would often be reluted by the good
old man to his friends, and he would contrast his early doings with the high posi-




LIFE OF THE AUTHOR. 15

copies in the day-time of what I had done in the night, he often
worked for me himself. I shall always have a respect for the
memory of that man.'

1727.—One day he happened to send me with a message to
the Reverend Mr. John Gilehrist, minister at Keith, to whom I
had been known from my childhood.!® I carried my star-papers

tion he had attained. An eminent writer says, ‘* We pay tribute to thy memory,
James Glashan. Thy unprecedented kindness to the young rustic astronomer has
been universally admired ; it shall never be forgotten ; future generations will revere
thy name and applaud thy worth.” (See note 17).

We may here note that John Stuart, Esq. of Aucharnie, Aberdeenshire, Secre-
tary of the S&a]ding Club and Society of Antiquaries of Scotland, is the great-
grandson of Mr. James Glashan. He informs us that there are no letters or
memoranda extant regarding his great-grandfather, whose memory he holds in
the highest esteem.

Mr. Glashan's farm was called ARDNEADLIE, situated about 1 mile to the SSW
of Old Keith (at the foot of the Caird's-hill). The farm-house was demolished
about 85 yenrs ago ; since then, the name Ardneadlie has become obsolete ; the
site being now known as Brae-head. It was therefore in the fields and hill-slopes
in the immediate vicinity of the present Brae-head, between the years 1725 and
1729, that Ferguson, a rustic youth, between 15 and 19 years of age, first began
to measure the apparent relative distances of the stars, by means of thread and
beads, as mentioned in the text.

Regarding Ferguson’s beaded-thread operation, we have always found a dif-
ficulty in the way when endeavourini to explain how ke managed to slide the
beads on the thread into position, with any degree of accuracy. If both his hands
were engaged in holding the thread on the stretch, as the text seems to imply,
he coulg:gcarcely have shifted them with his mouth, as by such a process, it coni,d
not have been done with precision, and would have entailed on him considerable
trouble in bringing ever and anon the beads into line with the stars. Mr. Robert
Sim, of Keith, has su, ted to us the following explanation of the operation,
which we adopt, viz. that * Mr. Ferguson, when he went into the fields in the
evenings to take the apparent relative distances of the stars, hy means of his
headed-thread, would likely carry a stick with him ; this he would thrust firmly
into the ground,—the ends of the thread would have loops for slipuing over the
stick-top—one of the loops having been slid down a little way on the said stick ;
he would then *lie down on his %ack,' and put himself into position, all the
while holding the other loop in his hand * at arm’s length between his eye and the
stars’ he wished to take. By this method he could easily keep the thread and
beads on the stretch, either in a horizontal or angular direction, to meet the
position of those he wanted for his map, and as one of his hands would thus
always be disenﬁnged, he would employ it in shifting the beads to their proper
places on the thread, *sliding them wupon it till they hid such and stars
Jrom his eye.’”” We give a fanciful drawing, in order to illustrate the star-taking

rocess.

P It is somewhat remarkable that the celebrated Tycho Brahé, the Danish As-
tronomer, about the year 1561, and when also in his 15th or 16th year, also
** took the apparent relative distances of the stars by a method of his own devising,”
viz., ‘“ he took the apparent distances of the stars by a common pair of compasses,
the hinge of which he used to put to his eye, while he opened the legs until they
pointed lo the two stars whose relative position he wished lo ascertain.” But
such a method, two stars only could be taken at a time ; whereas, by the beaded’:
thread process of Fe n, & great many could be taken at one operation.

15 Mr. Glashan died about 2} years Lfore Ferguson wrote his Memoir, pre-
fixed to his Select Mechanical Exercises.

16 The Reverend Mr. John Gilchrist was the first Established Minister of Keith
after the subversion of Episcopacy. He was inducted Minister of Keith (the Rev.
Mr. Annand informs us) in the year 1700, and died on 13th January 1754, aged
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to show them to him, and tfound him looking over a large parcel
of maps, which I surveyed with great pleasure, as they were the
first I had ever seen. He then told me that the earth was
round like a ball, and explained the map of it to me. I re-
quested him to lend me that map, to take a copy of it in the
evenings. He cheerfully consented to this, giving me at the
same time a pair of compasses, a ruler, pens, ink, and paper,
and dismissed me with an injunction not to neglect my mas-
ter’s business by copying the map, which I might keep as long
as I pleased.

For this pleasant cinployment my master gave me more time
than I could reasonably expect, and often tovk the thrashing-
flail out of my hands, and worked himself, whilst I sat by him
in the barn, busy with my compasses, ruler, and pen.””

ubout\{!z years. Mr. Gilchrist appears to have taken an interest in young Fer-
guson,and no doubt he would rejoice at all times to hear of his welfare and suc-
cess.  In 1754 Ferguson was comparatively little known. He had, however,
publislted an AsTRoNOMICAL RoTura and CARD SUN-DIAL in 1742; ““ A DE-
SCRIPTION OF A NEW ORRERY " in 1746 ; The Path of the Lunar Orbit by the
Trajectorium Lunarie, 1746 ; A Dissertation on the Phenomena of the Harvest-
moon, &ec., 1747 ; and ** AN IDEA oF THE MATERIAL UNIVERSE,” 1752. Copies
of thesq would no doubt be sent as presents to the minister of Keith, which
would be all he would live to see of the astronomer’s works. He would, however,
hear thit Ferguson had made his debit as a lecturer on Astronomy in 1748, and
was appreciated as such by the public. The period of this interview with the
minister of Keith asupears to have been in 1727, at which time Mr. Gilchrist
would be: 55 years old, and Ferguson about 17.

7 We have already alluded to the amiable James Glashan in note 14, and in
noticing him ainin at this juncture, we cannot do better than to quote the just
tribute puid to him in pp. 199-200 of the Lib. Entg. Knowl., Vol. I.:—** This is
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When I had finished the copy, I asked leave to carry home
the map; he told me I was at liberty to do so, and might stay
two hours to converse with the minister. On my way thither,
I happened to pass by the school at which I had been before,
and saw a genteel-looking man (whose name I afterwards learnt
was Cantley) painting a sun-dial on the wall’® I stopt a while
to observe him, and the schoolmaster came out and asked me
what parcel it was I had under my arm. I showed him the
map, and the copy I had made of it, wherewith he appeared to
be very well pleased, and asked me whether I should not like
to learn of Mr. Cantley to make sun-dials. Mr. Cantley looked
at the copy of the map and commended it much, telling the
schoolmaster (Mr. John Skinner) that it was a pity I did not
meet with notice and encouragement.’® I had a good deal of
conversation with him, and found him to be quite affable and
communicative, which made me think I should be extremely
happy if I could be further acquainted with him.

a beautiful we may well say, and even a touching picture—the good man so gener-
ously appreciating the worth of knowledge and genius, that, although master, he
voluntarily exchanges situations with his servant, and insists upon doing the work
that must be done himself, in order that the latter may give his more precious
talents to their more appropriate vocation. We know not that there is on record an
act of homage to science and learning more honourable to the author.”

s By Ferguson mentioning that he * f;mwd to pass by the school,” ap-
pears to imply that in doing so, it was accidental, not being in the road to the
manse from his master’s farm of Ardneadlie. On examining an old and large
map of the district, we find our surmise seems to be correct. Had Ferguson gone
direct to the minister from Ardneadlie, a distance of about jths of a mile from
Mr. Gilchrist's—he would have had to pass his house before coming to the school.
It is therefore evident that he took another road and went direct to Keith,
about a mile to the NE, probably to show to his frionds there, the copy he had
made of the minister’s map before taking the original home. On leaving Keith
he would proceed westward, and would immediately reach the SE corner of the
kirkyard-wall, where he would descry Mr. C“'ndfiy painting the sun-dial on the
school wall, at a distance of about 35 yards. To reach the school in the NW
corner of the kirkyard, he would enter the gateway in the east wall, a little above
the SE corner, and then proceed along the diagonal footway to the school. On
leaving it he would go on by the south gate in the SW corner of the south wall
of the kirkyard, and from thence to the Rev. Mr. Gilchrist’s, 30 yards to the
west; then on to Ardneadlie, Mr. Glashan's farm, three quarters of a wile directly
south. Mr. Gilchrist’s manse, now demolished, was situate about 36 yards to
the SW of the old Grammar-school, which, as already noticed, is also removed. —
This note is for the use of local readers;—that to which it refers has often been
matter of local discussion.

** The Reverend Mr. Annand, minister of Keith, informs us, that ¢ Mr. John
Skinner entered on his duties of Schoolmaster and Session-Clerk of Keith in 1709; "
that ¢‘ the date of his death is not on record ; but from a casnal remark in the Ses-
sion-bouk, made at a meeting of Session held in April 1747 (he says), I find that he
died in March 1747.” From another source we learn that Mr. Skinner was about
68 years old when he died, and was interred at Keith ; hence, he was born about
the year 1679, and was schoolmaster of Keith Grammar-school 88 years, and would
be about 39 years of age when Ferguson had his ‘¢ 3 months’ " tuition under him.

C
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I then proceeded with the map to the Minister, and showed
him the copy of it. While we were conversing together, a
neighbouring gentleman, Thomas Grant, Esq. of Achoynaney,
happened to come in, and the Minister immediately introduced
me to him, showing him what I had done. He expressed great
satisfaction—asked me some questions about the construction
of maps, and told me, that if I would go and live at his house,
he would order his butler, Alexander Cantley, to give me a great
deal of instruction® Finding that this Cantley was the man
whom I had seen painting the sun-dial, and of whom I had
already conceived a very high opinion, I told Squire Grant that
I should rejoice to be at his house as soon as the time was ex-
pired for which I was engaged with my present master. He
very politely offered to put one in my place, but this I declined.?

1728 —When the term of my servitude was out I left my good
master, and went to the gentleman’s house,* where I quickly

2 From this it would appear, on this occasion, Mr. Grant and his butler,
Alex. Cantley, were accidentally in Keith, the former at the manse, the latter at
the school, within a few yards of each other. This was a great day for young
Ferguson, having had encouraging interviews with his friend Mr. Skinner, the
extraordinary Cantley, the worthy Squire Grant, and the kind Mr. Gilchrist.

21 There were no registers of deaths kept in Scotland until late in last century;
hence, there is no written record to show when Mr. Grant died, and there is no
grave-stone in Keith (or in any of the neighbouring churchyards) to his memory;
probably his remains were not interred in the district. e have made a great
many inquiries regarding him, but without leading to any successful result. In
balancing our memoranda, however, we are inclined to conclude that Mr. Grant
was born about the year 1673, and died about 1748, in the 75th year of his age;
consequently, he would be about 55 years old in 1728, the date of this interview
with young Ferguson. Havinihdied about 1748, he did not live to hear of
Fej n’s future celebrity. e Rev. Mr. Annand, minister of Keith, has
k’nﬁiy sent us the following extract of Mr. Grant's contract of marriage, from

his Session Records:—
‘“ Keithy, March 1st, 1710.
The much honoured Thomas Grant, of Achoynanie, and Mistress Jean
Sutherland, grandchild to the Laird of Kinminity, declared their pur-
pose of marriage, and being contracted and orderly proclaimed, were
married Aprile the twelfth 1710. They had three sons and a daughter,
w2, Archibald, born 5 Dec. 1711; Alexander, 3 Nov. 1712; Isabel, 15
June 1714 ; and Walter, 18th Feb. 1716.”

22 ACHWYNANNIE.—This place has had several spellings. In the Keith
Register of Mr. Grant’s marriage it is spelt Achoynanie; Ferguson writes it down
Achoynaney, and now the name is ﬁenemlly written dchwynannie. It is situ-
ated about 1§ mile to the ESE of Old Keith, at the foot of the Balloch-hill. Mr.
Robert Sim, of Keith, has kino?)l«i, sent us a fine pen and ink drawing of the old
house, of which we annex a woodcut. He also has obliged us with the following
derails regarding it :—

¢ Old mansion house of Achwynannie.—I herewith send you a view of the old
house of Achwynannie as it is at present, taken from the south. It has lost much
of its original appearance by modern tnnovalions, the old windows having been
built up, and larger ones struck out, while it has been repeatedly coated over with
lime, whereby the base of the turret on the south-west corner is much obscured; the
door and wmdowa are, of course, modern. This is understood o be a very old
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found myself with a most humane good family. Mr. Cantley, the
butler, soon became my friend, and continued so till his death.
He was the most extraordinary man that I ever was acquainted

House of Achwynannie, from the South, 1861.

with, or perhaps ever shall see, for he was a complete master of
arithmetic, a good mathematician, a master of music on every
known instrument except the harp, understood Latin, French,
and Greek, let blood extremely well, and could even prescribe
as a physician upon any urgent occasion. He was what is
generally called “ self-taught,” but I think he might with much
greater propriety have been termed GoD ALMIGHTY'’s scholar.?

building. The oldest date | have found and attempted to decipher is on a stone

originally in the building, but now seen in the wall of the square of offices. It .
bears two shields; on the dexter one, three lions', or boars' heads, with the letters.
1. G. (1. Gordon). I was aware from local tradition that abowt 1667 it was in the

possession of one of that name. On the sinister one, three holly-leaves in chief, and

a hunting horn in base, with the letters E. B. (E. Burnett), these being the armor-

ial bearings of Burnett of Leys (Aberdeenshire), date, 1690. The property now

belongs to the Earl of Seafield.”

28 Mr. Alexander Cantley.—Regarding this remarkable man we have made a
great many inquiries, but with no success. William Cantlie, Esq. of Keithmore
(Achendown), a descendant of the illustrious Cantley, writes us, that he has no
memoranda of him; that he had seen several parties, and written to others in-
%uiring for information for us, but without any result. We tly regret this.

‘erguson in his Memoir brinss in Mr. Cantley as ‘‘ a star o l{irst magnitude,”
but makes him * sef too soon.” We would have wished to have known something
more about a man so remarkable. Singular it is, that there does not now exist
the slightest incident on record, or by tradition, regarding his after life. Had
Ferguson written no Memoir of himself, the accomplished Cantley would perhaps
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1730.—He immediately began to teach me decimal arith-
metic and algebra, for I had already learnt vulgar arithmetic
at my leisure hours, from books. He then proceeded to teach
me the elements of geometry; but to my inexpressible grief,
Just as I was beginning that branch of science, he left Mr. Grant,
and went to the late Earl of Fife’s, at several myjles’ distance.?!
The good family I was then with could not prevail with me to
stay after he was gone, so I left them and went to my father's.

He had made me a present of Gordon's Geographical Gram-
mar, which at that time was to me a great treasure.? There

never have been heard of ;—excepting to a very few, he would have * flourished
unknown to fame.”

¢ Full many a flower is born (o blush unseen,
And waste its sweetness on the desert air.”

The Rev. Mr. Merson, Elgin, writes to us, noting that he has in his possession
a book which belonged to Mr. Cantley, viz. *“ MoXox's TUTOR To ASTRONOMIE
AND GEOGRAPHIE,” on some of the leaves of which are his name, beautifull
printed with the pen. Mr. Merson has cut one of the names out of his boo
and kindly sent it to us,—of which the annexed woodcut is an exact fac-simile.

AL CANTLY

Fac-simile of Alexander Cantley's printed Signature.

From the above cut it will be seen that * CANTLY " is the spelling of the name,
and not *‘ Cantley,” as Ferguson has it.

One of our notes mentions that *‘ there can be no doubt that Mr. Alexand:r
Cantley would be buried in the churchyard of Old Keith, as there was a burial-
ground there during the last century which belonged to the Cantlies.”

Of course it cannot now be ascertained when Mr. Cantley died, but it is evident
that he was long dead previous to 1773, when Ferguson wrote his Memoir, as
he mentions in it that Mr. Cantley continued his friend ** till his death.”

Moxon's ¢ Twlor to Astronomic and Geographie” was a very popular work in
its day; our copy is the second edition. *‘ LoNvoN: Printed by Joseph Moxon,
and sold at his shop in Russel Street, at the sign of the Atlas, 1670.”

24 This is an anachronism ; there was no Earl of Fife at the period here referred
to, nor for ncarly 30 years after it. Mr. Cantley, in 1780 31, went to William
Duff, Esq. of Braco, who became Lokp Bracou in 1735, and EarL oF FI¥E in
1759. He died 30th Sept. 1763 ; and as a matter of course, he was *‘ the late
Earl of Fife” when Ferguson, in 1773, wrote his Memoir. This Earl of Fife
was the son of William Duff, Esq. of I)isple, near Fochabers. In 1730-1, Wil-
liam Duff, of Braco, afterwards Earl of Fife, had seats at DippLE, BrAco, DEL-
GETTY, ROTHIEMAY, and BALVENY CASTLE.

25 This appears to have been a very popular and successful work —** Geography
Anatomiz'd ; or, the GEOGRAPHICAL GRAMMAR,” by Patrick Gordon, M. A.,
F.R.S.: octavo. Our copy of it is the twentieth edition, published in London in
1754. In sowme old catalogues of books in our possession, we observe that cditions
of it were issued in 1693 and in 1722. It is dedicated to *‘ THE MosT REVEREND
FATHER IN Gob, THoMAS, LORD ARCHBISHOP OF CANTERBURY.” The book con-
sists of *“ Two Parts ;" —Part 1st gives *‘ a general view of the globe,” iliustrated
by definition, description, and derivation—*‘ pleasant problems performable by th,
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is no figure of a globe in it, although it contains a tolerable
description of the globes, and their use. From this description,
I made a globe in three weeks at my father’s, having turned
the ball thereof out of a piece of wood, which ball I covered with
paper, and delineated a map of the world upon it—made the
meridian ring and horizon of wood—covered them with paper,
and graduated them ; and was happy to find that, by my globe
(which was the first I ever saw), I could solve the problems.

1731.—But as this was not likely to afford me bread, and I
could not think of staying with my father, who I knew full well
could not maintain me in that way, as it would be of no service
to him; and he had, without my assistance, hands sufficient for
all his work.”

I then went to a miller, thinking it would be a very easy
business to attend the mill, and that I should have a great deal
of leisure time to study decimal arithmetic and geometry. But
my master, being too fond of tippling at an ale-house, left the
whole care of the mill to me, and almost starved me for want
of victuals, so that I was glad when I could have a little oat-

terrestrial globc—some paradoxical positions tn mallers of Geography, which mainly
depend on a thorough knowledge of the globe—and lastly, a transicnt survey of the
whole surface of the terraqueous globe.” Part 2d gives * a particular view of the
terraqueous globe, in cxiend, situation, division, sub-division, chief towns, name,
atr, soil, commodities, raritics, archbishops, bishops, universities, manners, lan-
guage, governmenli, arms, religion, &c.” Such is an outline of the contents of
Cantley’s parting-gift to Ferguson. Our copy is embellished with a great many
maps,—pages 416 : oct. ; it i3 now a very scarce book, having been about 100 years
out of print. Section 4th of part 1st contains the ‘‘ Strange Geographical Para-
dozes,” pp. 85 to 40 inclusive. They are very curious, and most excellent for ex-
citing the mind on matters Geographical ; and no doubt they would prove both in-
teresting and amusing to Ferguson at this period of his life (1731, age 21 years).

26 As a matter of course, this has reference to ‘‘the hands of the family."
Near the b‘e’§inning of his Memoir Ferguson mentions that his father had *‘ @ large
Sfamily.” Wishing to ascertain how many of a family Ferguson’s parents had, and
also their names, we wrote to several friends in the counties of Eﬁ;in, Banff, and
" Aberdeen, but without receiving any reliable notes. One of our correspondents
mentions a Margaret Ferguson, eldest sister of the astronomer, who died before
1770. In our copy of Ferguson’s will, dated 15th August 1776 (sce Appendix),
we find the names of three sisters, and probably in the order of their ages, viz.
Elspeth, Elizabeth, and Janet ; Maj t being dead before the will was made, is
of course not named ; but it is singular that his ‘‘ elder brother” John, who was
then alive, is not mentioned in 1t ; therefore, the parents of Ferguson had at
least two sons and four daughtcrs,—viz.

1. John Ferguson, born 12th March Died at RlLAggls, near Rothiemay, in

1708, at Core of Mayen, 1796, 3
James, born 25 April 1710, at} {Died at 4 BoLr Court, Loxpox, 16 Nov.
Core of Mayen, 1776, aged 663.
3. Margaret, unknown unknown,
4. Elspeth, 0. do.
5. Blizabeth, do. do.

6. Janet, do. Died at BARNHILLS, near Rothiemay, in 1793,
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meal, mizxed with cold water, to eat. I was engaged for a year
in this man’s service,; at the end of which I left him, and re-
turned in a very weak state to my father's.?

1732.—Soon after I had recovered my former strength, a
neighbouring farmer, who practised as a physician in that part
of the country, came to my father's, wanting to have me as a
labouring servant. My father advised me to go to Doctor Young,
telling me that the doctor would instruct me in that part of his
business. This he promised to do, which was a temptation to
me. But instead of performing his promise, he kept me con-
stantly to very hard labour, and never once showed me one of
his books. All his servants complained that he was the hardest
master they had ever lived with; and it was my misfortune to
be engaged with him for half a year. But at the end of three
months I was so much over-wrought, that I was almost disabled,
which obliged me to leave him; and he was so unjust as to give
me nothing at all for the time I had been with him, because I
did not complete my half-year's service, though he knew that 1
was not able, and had seen me working for the last fortnight,
as much as possible, with one hand and arm, when I could not
lift the other from my side. And what I thought was particu-
larly hard, he never once tried to give me the least relief, fur-
ther than once bleeding me, which rather did me hurt than
good, a8 I was very weak and much emaciated. I then went
to my father's, where I was confined for two months on ac-
count of my hurt, and despaired of ever recovering the use
of my left arm; and during all that time, the doctor never
once came to see me, although the distance was not quite two

27 As Ferguson does not give the name of his ‘“ tippling miller,” nor that of
the mill, we cannot fill up the blank, although to have done so would have been
interesting items at this distant period. Mr. Robert Sim, of Keith, in a letter to
us, mentions the sites of several old mills, and mills still in operation in and around
Keith, viz. 1st, The Mill-o-woed, 1 mile NE of Achoynaney; the present mill is
modern. ‘‘ The old mill,” says Mr. Sim, * yet well remembered, stood some dis-
tance below the present one, and was an old and romantic-looking thing, from its
situation below an immense rock, over and through a crevice of which the water fell
on the wheel.” (We find that about the beginning of the present century this mill
was the one generally understood as that in which Ferguson *‘served and starved.”)
2d, Tarnach mill, above 1 mile SW of Achoynaney; 3d, The Earl's mill, on the
Isla, a little to the east of Old Keith; 4th, At old Newmills, about 13 mile NE
of Keith, close to which there was a blacksmith who kept an ale-house (many in
consequence of this link incline to think that it was here where Ferguson starved
and the tipplilll{g miller enjoyed himself); 5th, Nether mills, about 8 miles down
the Isla from Keith, and about 1 mile to the south of Braco housc, Grange; 6th,
Crook's mill, about 2 miles NW of Keith, &c.
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miles.® But my friend, Mr. Cantley, hearing of my misfortune,
at twelve miles’ distance, sent me proper medicines and ap-

plications, by means of which I recovered the use of my
arm; ? but found myself too weak to think of going into ser-

28 It is evident that Ferguson had not been long in Dr. Young’s service when
he found out that ** his lincs ” had not ‘‘ fallen in pleasant places.” A writer says,
‘¢ for the sake of humanity, it is to be hoped that very few Dr. Youngs have had a
resting-place on this nether sphere. It 18 scarcely possible to conceive of any one
so utterly devoid of all the finer feelings of our nature as this Surgeon-farmer.”
The bad treatment Ferguson here experienced appears never to have been for-

tten by him. In 1773, when he wrote his Memoir, a date 42 years after
ﬁz had left this service, the rememberance of his treatment came up in strong
relief, and thus made him throw the picture into the story of his life. We
leave him in Ferguson’s hands; what he says of him is to the point, and ** will
always show the doctor up as a very unpleasant specimen of the human species.”
We have made a great many inquiries touching the name of the farm occu-
pied by Dr. Young, in order to ascertain the whereabouts of the residence of Fer-
guson’s parents, (Dr. Y. lived within 2 miles of his father’s cot), but we have met
with no success in this matter—even the time of his death and where buried are
unknown. It would have been interesting to have known if he lived long enough
to hear of Ferguson’s world-wide fame. We hope he did, and regretted his
treatment of the embryo astronomer. One of our correspondents says that ‘¢ his
father, who died in the beginning of the present century, understood that Dr.
Young was a yueer doctor. He was also a bit of a farmer; but, a so-and-so sort
of one.” He adds, * it is likely that this 1worthy was interred in Old Keith kirk-
yard.” Dr. Young's farm was within 2 miles of the now unknown residence of
Ferguson's parents. It is supposed by some that his farm was at Pitlurg, a few
miles to the SSE of Keith.

29 Ferguson here gives us one of the few distances mentioned in his
Memoir. He speaks of his friend Mr. Cantley as being at the Earl of Fife's, 12
mlies distant from his father's cot; probably these 12 miles are old miles, if so,
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vice again, and had entirely lost my appetite, so that I could
take nothing but a draught of milk once a-day, for many weeks.

In order to amuse myself in this low state, I made a wooden
clock, the frame of which was also of wood; and it kept time
pretty well. The bell on which the hammer struck the hours,
was the neck of a broken bottle.

Having then no idea how any timekeeper could go but by a
weight and a line, I wondered how a watch could go in all posi-
tions, and was sorry that I had never thought of asking Mr.
Cantley, who could very easily have informed me. But happen-
ing one day to see a gentleman ride by my father’s house (which
was close by a public road), I asked him what o’clock it then was ;
he looked at his watch, and told me.®* As he did that with so much
good nature, I begged of him to show me the inside of his watch ;
and though he was an entire stranger, he immediately opened
the watch and put it into my hands. I saw the spring-box with
part of the chain round it, and asked him what it was that
made the box turn round ; he told me that it was turned round
by a steel spring within it. Having never seen any other spring
than that of my father's gun-lock, I asked how a spring within
a box could turn the box so often round as to wind all the chain

upon it. He answered, that the spring was long and thin; that

one end of it was fastened to the axis of the box, and the other
end to the inside of the box; that the axis was fixed, and the

then they are equal to 15 modern ones. If Mr. Cantley was then at Balveny Castle,
then a line of 15 miles, in the direction of Keith from it, by the road, terminates
at a place called FLooRs, 4} miles NE of Old Keith, in the parish of Grange, and
this FLoors is 7 old miles, or nearly 9 modern miles, from Durn house.

30 Ferguson made this clock in the year 1731 (when he was 21 years of
age). The neck of a broken bottle was an ingenious make-shift for a bell ; if
securely fixed, it would give out a clear, sharp, and sweet sound. Mr. Dean
Walker, lecturer on Astronomy, London, son of the celebrated Mr. Adam Walker,
lecturer on Natural and Experimental Philosophy, the friend of Ferguson, had
in his possession & great many of Ferguson's papers, and pen and ink sketches ;
—we called on him in 1831, and were presented with a number of them and
other memoranda.  On one of these papers was a drawing in pen and ink of this
clock, which we give ahove on a reduced scale, as an interesting memorial of this
early period of Ferguson's life. It is remarkbale that Mr. John Harrison, the
celebrated inventor of the marine chronometer, when also unwell and in a low
condition, in the 21st year of his age, made two wooden clocks of a peculiar con-
struction.

31 Ferguson here informs us that his ‘‘ father's house was close by a public
road,” but does not say where. The public roads around Keith are those
leading to Mortlach and Balveny Castle on the SW: to Fochahers, Elgin, and
Spey side on the NW of Keith; to Cullen and Portsoy on the N and NE ; and
to Grange, Rothiemay, and Huntly on the E and SE. If Froors be assumed
as the place alluded to, as being *‘ near a public road,” then that road, which
runs close by it, is that leading to Durn and Portsoy.
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box was loose upon it. I told him I did not yet thoroughly
understand the matter. Well, my lad, says he, take a long thin
piece of whalebone, hold one end of it fast between your finger
and thumb, and wind it round your finger: it will then en-
deavour to unwind itself; and if you fix the other end of it to

Action of a Watch Main-spring Illustration.

the inside of a small hoop, and leave it to itself, it will turn the
hoop round and round, and wind up a thread tied to the out-
side of the hoop. I thanked the gentleman, and told him that
I understood the thing very well?? I then tried to make a
watch with wooden wheels, and made the spring of whalebone ;

32 This is a happy illustration of the principle and action of the main-spring
of a watch ; perhaps the simplest that was ever offered or can he given. We
give a wood-cut o}l the arrangement of parts. The interview between Fergu-
son and this unknown gentleinan is taken notice of in the Lib. Ent. Know., vol.
L. pp. 203, 204, as follows:—*‘ Who is there that does not envy the plmuw that
must have been JSelt by the courteous, intelligent stranger, by whom the young me-
chanician was carried over his first greatl difficulty, if he ever chanced to learn how
greatly his unknown questioner had profited from their bricf interview! Thatstran-
ger might probably have read this narrative, as given to the world by Ferguson,
after the talents which this little incident probably contributed to develop, had raised
him from his obscurily to a distinguished place among the Philosophers of his age ;
and if he did know this, he must have felt that encouragement in well-doing which
a benevolent man may always gather, either from the pcmtwe effects of acts of
kindness upon others, or their influence upon his own heart

Young Ferguson requesting a sight of the works of the wabch showed that such
a piece of mechanism was new to him; and also, that his father was not pos-
sess]ec}1 of one. Indeed, about this period, 1731, watches were only worn by the
wealthy.

D
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but found that I could not make the watch go when the balance
was put on, because the teeth of the wheels were rather too weak
to bear the force of a spring sufficient to move the balance,
although the wheels would run fast enough when the balance
was taken off® I enclosed the whole in a wooden case, very
little bigger than a breakfast teacup; but a clumsy neighbour,
one day looking at my watch, happened to let it fall, and turn-
ing hastily about to pick it up, set his foot upon it, and crushed
it all to pieces, which so provoked my father, that he was almost
ready to beat the man; and discouraged me so much, that I
never attempted to make such another machine again, especially
as I was thoroughly convinced I could never make one that
would be of any real use.

1733.—As soon as I was able to go abroad, I carried my
globe, clock, and copies of some other maps besides that of the
world, to the late Sir James Dunbar, of Durn (about seven
miles from where my father lived). as I had heard that Sir
James was a very good-natured, friendly, inquisitive gentle-
man* He received me in a very kind manner, was pleased
with what I showed him, and desired I would clean his clocks.

33 Ferguson, even although he made a minute inspection of the gentleman’s
watch whilst it was in his hands, would, notwithstanding, experience many untold
difficulties in the process of making his wooden one. %’he sight of the works of
the watch el:{ the way-side was but a momentary glance ;ghe could not then
have studied the balance—the balance-spring—the shape of the verge, and its
accl;)ion on the crown-wheelf insit((l:;. It ix;hthemfore to be presu‘r,nbe(:l ;Eat he hlad
subsequent examinations of watches, in the ion of nei uring gentle-
men. He could not, by inspection at the m have seen tie balance-spring,
or how it was fixed, except by removing part of the works.

34 After Ferguson had sufficiently recovered from his illness, he informs us
that he went to Sir James Dunbar’s, at Durn, carrying with him his globe, clock,
and maps ; and that Durn, the residence of Sir James, was *‘ about seven miles ”
from where his father then lived. The present Baronet, the Rev. Sir William
Dunbar of Kew, informs us, that Sir James Dunbar was born on the 9th January
1668, was served heir to his father, Sir William Dunbar (3d Bart.), on 10th Feb-
ruary 1709, and died about the beginning of February 1739, in the 71st year of
his age ; consequently, Sir James died before Ferguson became known to the
world, and would be about 64 years old at the time of Ferguson's visit.—Durn
House and estate at one time belonged to a family of the name of Menzies,
who sold them to Sir William Dunbar, whose son, Sir James, sold them to
John Falconer, Esq., whose relict sold them to Alexander Gordon of Letter-
fourie, whose son, Sir James, sold them to the Earl of Seafield, the present
proprietor. The old house and gateway of which Ferguson speaks were removed
about the year 1770. The present Durn House has therefore no connection
with Fe n's history. Conceiving that a view of old Durn House and gate-
way would be interesting, we addressed a note to Mr. Bryson, factor of the
Earl of Seafield, Cullen house, inquiring if there was any view of these extant.
In his very obliging reply, he encl a reduced drawing of old Durn House
and gateway, taken from an old charter in the Charter-chest of the Earl of
Seaficld, of which we have much pleasure in giving here a copy.
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This, for the first time, I attempted, and began to pick up some
money in that way about the country, making Sir James’s house
my home, at his desire.®

Durn House Gate-way, 1760.

Two large globular stones stood on the top of his gate. On
one of them I painted (with oil colours) a map of the terrestrial
globe, and on the other, a map of the celestial, from a plani-
sphere of the stars, which I copied on paper from a celestial
globe belonging to a neighbouring gentleman. The poles of
the painted globes stood toward the poles of the heavens. On

Durn is about 13 miles NE of Keith, 1 mile E of Fordyce, and 2 miles SSW of
Portsoy. Durn is in thé parish of Fordyce. In the centre of the parish rise
the hills of Durn and Fordyce, extending continuously, and in a crescent form,
from NE to SW. The remains of an encampment on the hill of Durn are still
visible; there are also other relics, which show that the vicinity had often heen
the scene of hostile feuds. Quartz rock forms the round-backed eminence of
Durn-hill, while boulders of sycnite abound at the foot. At Portsoy there is a
sglendid sea-view, and no doubt our young astronomer journeyed often to
this quarter during his stay at Durn House. Portsoy marble has world-wide
fame.

Ferguson here gives another of his distances; he says that Durn, the re-
sidence of Sir James Dunbar, was ‘‘ about seven miles” from where his father
lived. If these 7 miles are old miles, then they are nearly equal to 9 modern
miles (see note 29). If we assume Floors in the parish of Grange, 4} miles NE
of Keith, to have been the residence of Ferguson’s father at this period, it will be
found to be about 9 miles to the SSW of Durn.

35 Here Ferguson comes before us as a cleaner and repairer of clocks. About
the end of last century the old people in the north of Banffshire used to relate
that ¢ Perguson cleaned clocks at onc shilling each, and oiled them for a penny ;"
and that he also * repaired roasting-jacks, and any other thing that had mechan-
tsm about it.” But it must be recollected that the shilling and the penny of 1732
would purchase more than would the same coins in the present day.
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each, the 24 hours were placed around the equinoctial, so as to
show the time of the day when the sun shone out, by the
boundary where the half of the globe at any time enlightened
by the sun was parted from the other half in the shade; the
enlightened parts of the terrestrial globe answering to the like
enlightened parts of the earth at all times ;—so that whenever
the sun shone on the globe, one might see to what places the
sun was then rising, to what places it was setting, and all the
places where it was then day or night throughout the earth.3
During the time I was at Sir James's hospitable house, his
sister, the Honourable the Lady Dipple, came there on a visit,
and Sir James introduced me to her.3 She asked me whether I

36 In note 34 we mentioned that this gateway and globular stones were re-
moved about the year 1770. The globular stones are, however, still in exist-
ence ; one of them is built into the west gable of the Church of Ord, about 6
miles SW of Banfl, and 4§ SE of Durn; the other one lies on the lawn of the
manse of Rothiemay, about 10 miles S of Durn. The Rev. Mr. Moir of Rothie-
may has kindly obliged us with particulars of the stone in his possession, and as
bot{n stones would be precisely alike, the following note on that of Rothiemay
will be equally applicable to the stone at Orp:—Rev. Mr. Moir says, ‘‘ the
stome in my p ton is of freestone, is 18 inches in diameter, and weighs, 1
cwt. 3qrs. 21bs, or 198 1hs. No trace of Ferguson's patnling is now to be
seecn on it.” This is not to be wondered at, as it is now about 132 years
since Ferguson ‘¢ tried his prentice hand” on them. The stones, being 18 inches
in diameter, have 1018 square inches of globular surface each. Would it not be
well to have these stones crected at the Core of Mayen, where he was born, as a
memorial of his early genius? The gateway fuced the east, and a straight line
passing through the centres of the stones lay due north and south. e south
globular stone had the terrestrial globe painted on it, and the north one the celes-
tial. We give a sketch of these stones from an old pen and ink drawing done in
1760. In note 23 we mention that the Rev. Mr. Merson of Elgin has in his
possession an old copy of Moxon's * Twéor to Astronomie and Geographie,” which
once belonged to Mr. Alexander Cantley, the friend of Ferguson. In this work
there is an engraving of a pillar fountain, on the top of which there is a ¢“ globu-
lar store,” having on it a map of the world, and the 24 hours of day and night,
which was erected at the corner of Leadenhall Strect, London, before 1670. The
description given of this dial is similar to Ferguson's account of the Durn stone.
Mr. Merson therefore thinks it not improbable that Ferguson may have seen
Moxon's book while at Mr. Grant’s, Achoynaneg, in 1730, and that this globular
stone-dial suggested to him the painting of the glodular stones at Durn. We
think this very probable; but if Ferguson did see Moxon’'s book while at Achoy-
naney, in 1730, he would see in it several representations of the globes, fully
mounted ; and hence, although in Gordon's G phy there is no figure of the
globe, yet, what he had seen in Moxon would enable him to complete his
wooden globe without much assistance from Gordon’s Grammar.

We may here note that a correspondent of the editor of the Lib. Ent. Know.
(vol. IL p. 56), mentions that he ‘‘ kad secn at Gartness, Stirlingshire, globular
stones, unth circles of the sphere and constellations” engraven on them, and con-
cave stones with engravings of a like character, said to have been made by Narier
(the inventor of logarithms). These are supposed to have been done by him
in his yvouth, when residing at Gartness, about the year 1568.

37 We are much indebted to Francis Fraser, Esq.; of Findrack, Aberdeenshire,
and his brother William N. Fraser, Esq., of Tornaveen, (the great-grandsons of
Lady Dipple’s eldest daughter, Anne Duff, and wife of William Baird, Esq. of
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could' draw patterns for needle-work on aprons and gowns. On
showing me some, I undertook the work, and drew several for
her, some of which were copied from her patterns, and the rest I

The Lady Dipple.

did according to my own fancy. On this 1 was sent for by other
ladies in the country, and begun to think myself growing very
rich by the money I got for such drawings, out of which I had

Auchmedden), for the following interesting notes on the good and amiable Lady
Dipple. ‘‘ Lady Dipple’s maiden name was Jean Dunbar; she was the second
wite of William Dul‘E Esq., of Dipple, near Fochabers, father of the first Earl of
Fife; and was the youngest daughter of Sir William Dunbar, Bart., of Durn, by
his wife, Janet Brodie, daughter of Dean Brodie of Aldearn. She had one son,
Alexander, who died in his infancy in 1722, and four daughters, named Anne,
Janet, Mary, and Henrietta. Anue, her eldest daughter, my great-grandmother,
was married to William Baird, Fsq, of Auchmedden, in the year . . . S8he
had four brothers and three sisters—viz.: Sir James Dunbar, of Durn; William,
who was a physician in Dunse; John, in the army, died in America in 1759; and
George, a lawyer in Edinburgh, who also died in 1759. Her sisters were, Anne,
married to the fourth Earl of Findlater and Seafield; 2d, , married to James
Gordon of Letterfourie; and 8d, Grisel, married to Tulloch of Tannachie. . . .
I may mention that the original oil-painting of Lady Dipple is at Findrack, is 2
feet 5 inches in length, and 2 feet broad, mounted in a large gilt frame.” We also
feel ourselves much indebted to William N. Fraser, Es?., for his kindness in sendin,
us & photograph from the oil-painting of Lady Dipple, at Findrack, from whic!
we had a miniature one taken, an engraving from which is annexed, and is pro-
nounced a faithful copy of the original; it cannot fail to be very interesting to
every admirer of Ferguson. The same gentleman was also so kind as to send us
a tracing from the inscri%ion on the blank leaf of Ludy Dipple’s Bible, now in
the qossession of Robert Duff, Esq., at Fetteresso Castle, Kincardineshire,—it is
as follows:— .

‘“ Jean Dunbars bibell which she leaves in memorandim to ber son-in-law
bracow in testimonie of her regard to him whom is in the plais of her
Dirly belowed and only son, Alexander Duff who daye'd 1722 aged

years, a most hopfowl and beautifowl child.”
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the pleasure of occasionally supplying the wants of my poor
father.®

Yet all this while I could not leave off star-gazing in the
nights, and taking the places of the planets among the stars by

Lady Dipple's son-in-law became Baron Braco in 1785 ; then this Bible inscrip-
tion must have been written after that date. A great many old people in the
counties of Elgin, Bunfl, Aberdeen, &c., who were alive about the end of
the last century, who had seen Lady Dipple, represented her as being * a
most handsome and beautiful lady.” At the time of Ferguson's introduction
to her at Durn, in 1732, she would be abiout 50 years old. Sir James Baird,
Bart., Edmonstone, Libberton, near Edinburgh, informs us, that “ Mrs. Duff,
wife of William Duff, Esq. of Dipple, was courteously called Lady Dipple, 1n
accordance with the then Scolch fashion of designating the heads of families by the
name of the property rather than by the surname.” 1t is therefore evident that
Lady Dipple was merely a title of courtesy, and that Mrs. Duff, or Lady Duff
of Dipple, was the proper designation. Lady Dipple’s husband, William Duff of
Dipple, died in 1722.  We cannot ascertain when Lady Dipple died, or how old
she was at the time of her death. Collating and comparing a great many notes
we have received on this point, it would appear that she was born at Durn in the
year 1681, and died in 1763, aged 82 years. She therefore lived to hear that her
protégé had published many useful astronomical works; that he had become a
wblic lecturer on astronomy ; that he had received an annual pension of £50
}rom King George I11.; and that he had been elected a Fellow of the Royal
Society—honours which would be hailed with joy by the good and pious Lady

Dipple.

& An aged correspondent informs us, that in his young days (1790) he had
been shown (in the north of Banflshire) several pieces of lace, two gowns, and an
apron, which were sewed from Ferguson's * fancy designs,” and that they were
very beautiful. We have not been able to ascertain Ferguson's scale of charges
for such designs. It is pleasing, however, to observe, that he was so attentive to
the wants of his parents when a little money accumulated in his hands.
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my above-mentioned thread. By this I could observe how the
planets changed their places among the stars, and delineated
their paths on the celestial globe.

By observing what constellations the ecliptic passed through
in that map, and comparing these with the starry heaven, I was
so impressed as sometimes to imagine that I saw the ecliptic in
the heavens, among the stars, like a broad circular road for the
sun’s apparent course, and fancied the paths of the planets to
resemble the narrow ruts made by cart-wheels, sometimes on
one side of the plain road, and sometimes on the other, crossing
the road at small angles, but never going far from either side
of it.%

Durn House, Banffshire, 1758, fromm SW.

Sir James's house was full of pictures and prints, several of
which I copied with pen and ink ; this made him think I might
become a painter.

Lady Dipple had been but a few weeks there, when William
Baird, Esq. of Auchmedden, came on a visit.®® He was the

39 This is an original idea, and a very simple and excellent illustration it is.
But had Ferguson used the word zodiac instead of ecliptic, it would have been in
much better keeping, as the ecliptic is simply an imnﬁinary line, supposed
to be described by the centre of the sun in the heavens ; whereas, the zodiac is a
broad way or belt in which the planets move, and is cut into equal halves by the
ecl‘i‘?tic line.

As mentioned in note 37, Williamm Baird, Eaq. of Auchmedden was mar-
ried to Anne Duff, eldest daughter of Lady Dipple. *‘8quire Baird ” appears to
have been a most kind-hearted and accomplished gentleman. Sir James Baird,
Edmonstone, Libberton, Edinburgh, informs us that ‘‘ Mr. William Baird was
the last male representalive of the family of the House of Auchmedden ;" and tha
¢« having been engaged in the rebellion of 1745, he was obliged to remain in hiding
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husband of one of that lady’s daughters, and I found him to be
very ingenious and communicative. He invited me to go to.
his house and stay some time with him, telling me that I should
have free access to his library, which was a very large one, and
he would furnish me with all sorts of implements for drawing.
I went thither, and stayed about eight months; ' but was much
disappointed in finding no books of Astronomy in his library,
except what was in the two volumes of Harris's Lexicon Tech-
nicum,*? although there were many books on geography, and
other sciences. Several of these indeed were in Latin, and more
in French; which being languages that I did not understand, I
bad recourse to him for what I wanted to know of these sub-
jects, which he cheerfully read to me; and it was as easy for
him, at sight, to read English from a Greek, Latin, or French
book, as from an English one** He furnished me with pencils

at Echt, for some years afterwards. His property was not confiscated, but owing
to the difficulties he was brought tnto by having borrowed large sums of money to
aid in the cause of the Stuarts, he was obliged to dispose of the family estates, in
or about the year 1750. He had six sons and four daughters, all of whom died
without issue, with the exception of Henrietla, the youngest daughter, who married
Prancis Praser of Pindrack, whose descendant, Francis Fraser, Esq. of Findrack,
Aberdeenshire, is in possession of many of his relics; and is, I believe, the pos-
sesgor of the picture you allude to as painted by Ferguson.” Mr. Humphreys,
Aberdeen, informs us that William Baird of Auchmedden was born in 1701, and
died in 1777, aged 76 years; and was buried in the churchyard of St. Nicholas in
Aberdeen; and that Anne, his wife, was born at Dipple in 1705, and died at
Aberdeen in January 1773, aged 68, and was buried beside her husband. The good
¢ Squire Baird ” therefore lived through the whole of Ferguson’s life-time, and
would hear of his world-wide renown, and the honours that had been conferred
upon him. At the time of Ferguson's visit to him at Auchmedden he was 32
years old, and F erguson about 23.

41 Auchmedden is in Aberdeenshire, about 30 miles to the NE of Keith, and 17
miles direct east of Durn House. The estate of Auchmedden is in the parish of
Aberdour. The Rev. James Wilson (the present minister of Aberdour), has kindly
furnished us with several interesting notes. He says, ‘‘ A uchmedden is the name of
a considerable estate, with upwards of 3 miles of coast line, and running inlo the in-
terior to a point at least 6 miles from the sea. There is now no House of Auchmedden;
the ruins of the walls of the old house, howcever, still remain, and are visible from the
road, and the old garden 18 now turned into a field. The very picturesque fishing
village of Pennan, on the property, and within § a mile of the sile of the old house,
remains probably not much changed since the days of Perguson in 1733, who must
have been astonished at its situati For six months the sun never shines on the
village, which, fronting the north, has a background of very high perpendicular
rocks facing the southern shore of the Moray Pirth.”

42 Harris’s Lexicon Technicum was a very popular work about the beginning of
last century; it has been long out of print. Our copy is in two huge folio volumes,
embellished with numerous woodcuts, many of which are very rude and unneces-
sarily large. It is entitled ‘“ LExrcoN TECHNICUM, OR AN UNIVERSAL ENGLISH
DICTIONARY OF ART8 AND SCIENCES ; EXPLAINING NOT ONLY THE TERMS OF ART,
BUT THE ARTS THEMSELVES, by John Harris, D.D., and F.R.S.: London, 1725.”

43 There are still in existence several MSS. of Mr. Baird, icularly a trans-
lation of the Greek of Thucydides. He appears to have had a taste for literary
as well as genealogical and antiquarian pursuits, and to have been a gentleman
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and Indian ink, showing me how to draw with them; and
although he had but an indifferent hand at that work, yet he
was a very acute judge, and consequently a very fit person for
showing me how to correct my work. He was the first who

William Baird, of Auchmedden.

ever sat to me for a picture, and I found it was much easier to
draw from the life than from any picture whatever, as nature
was more striking than any imitation of it.#

of considerable accomplishments. He wrote a History of his Surname, printed
1857—and some MSS. (by him) of much interest are still extant.

44 This picture is still 1n excellent preservation, in the possession of his great-
grandson, Francis Fraser, Esq. of Findrack, Aberdeenshire, who has obli; us
with the following particulars regarding it:—‘‘ The picture (he says), done by Mr.
Ferguson, of my great-grandfather, William Baird of Auchwmedden, is in my pos-
session, and has never been out of my family. It is done in Indian-ink, half-length
miniature on Bristol card. Its dimensions are 6 inches long, by 4} inches broad,
rlaced within a small wooden frame rimmed with gilding and glazed. 1In the

ower right-hand corner, in the hand-writing of Ferguson, are as follows—viz.
*J. F. pinxt,” and below the portrait

WiLL1ax BAIRD or AUCHMEDDEN
SuMxrr 1733,

I'may add that the portrait is in excellent condition, apparently as good as it was
when first painted.” Mr. William N. Fraser, brother of Mr. Fraser of Findrack,
has also kindly obliged us with a copy of the original picture, from which
our woodcut has been taken, and is in every respect a taithful copy of
the original by Fez:son.—-Fergusou remarks, that he * found it was much
easier to draw from the life than from any picture whatever, as nature was more
striking than any imitation of it.” The same opinion was held by the Rev. Rubert
Keith, who, at his first interview with Ferguson, shortly after this, advised him
to copy from nature.
E
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Lady Dipple came to his house in about half a year after I
went thither; and as they thought I had a genius for painting,
they consulted together about what might be the best way to put
me forward. Mr. Baird thought it would be no difficult thing
to make a collection for me among the neighbouring gentlemen,
to put me to a painter at Edinburgh; but he found, upon trial,
that nothing worth while could be done among them; and, as
to himself, he could not do much that way, because he had but
a small estate and a very numerous family.+

1734.—Lady Dipple then told me that she was to go to Edin-
burgh next spring, and that if I would go thither, she would
give me a year's bed and board at her house gratis, and make
all the interest she could for me among her acquaintance
there.#® I thankfully accepted of her kind offer, and instead of
giving me one year, she gave me two. I carried with me a
letter of recommendation from the Lord Pitsligo (a near neigh-
bour of Squire Baird's),*” to Mr. John Alexander, a painter at
Edinburgh, who allowed me to pass an hour every day at his
house to copy from his drawings,*® and said he would teach me
to paint in oil-colours, if I would serve him seven years, and
my friends would maintain me all that time; but this was too
much for me to desire them to do; nor did I choose to serve so
long. I was then recommended to other painters, but they

45 As already mentioned (in note 40), *“ William Baird, Esq. of Auchmedden,
had six sons and four daughters, all of whom died without issue, with the excep-
tion of Henrietta, the youngest daughter, who married Francis Fraser of Find-
rack.

48 Lady Dipple, now aged 53, and Ferguson, aged 24, sailed from Aberdeen for
Teith in April 1784. Leith is the seaport of Edinburgh, and is about 2 miles
NNE of it. Edinburgh, at this period, was confined within a small space on each
side of its principal street, and had a population of about 45,000. It is 395 miles
NNW of London, and 110 miles SSW of Aberdeen.

47 Alexander Forbes, fourth Lord Pitsligo, a Scotch Peer.—He was *‘out” in the
affair of '45, in the interest of Prince Charles Stuart, the Young Pretender, and was
attainted. Pitsligo Castle, formerly the seat of the Lords Pitsligo, is an ancient
building, surrounded hy extensive Frdena Pitsligo is in the district of Buchan,
Aberdeenshire, about 3§ miles W of Fraserburgh, and 7 miles E of Auchmedden.
Lord Pitsligo died in 1762.

48 John Alexauder was the great-grandson of George Jamesone, the eminent
Scottish painter, the ** Vandyke of Scotland.” 1t is singular that Ferguson takes
no notice of this in his Memoir. Mr. Alexander studied in Italy, residing many

ears at Florence. He resided in St. John Street, Canongate, Edinburgh, where
ie died ahbout the year 1752, aged 73. He had an exteusive collection of port-
folios, filled with the choicest drawings—sketches and prints. ** He was both
painter and engraver,” says one of our correspondents, ‘‘and painted the staircase
of Gordon Castle 1721 (Rape of Proserpine), and whilst at Rome in 1717, he
etched 8 plates after Raphael.” (Extract from letter to us from David Laing,
Esq., LL.D., Signet Library, Edinburgh).
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would do nothing without money. So I was quite at a loss
what to do.

In a few days after this, I received a letter of recommenda-
tion from my good friend Squire Baird to the Reverend Dr.
Robert Keith at Edinburgh,* to whom I gave an account of my
bad success among the painters there. He told me that if I
would copy from nature, I might do without their assistance,
as all the rules for drawing signified but very little when one
came to draw from the life;% and by what he had seen of my

Merchiston Castle, 1704.

drawings brought from the North, he judged I might succeed
very well in drawing pictures from the life, in Indian ink, on
vellum. He then sat to me for his own picture, and sent me
with it and a letter of recommendation to the Right Honour-
able the Lady Jane Douglas, who lived with her mother the

49 A slight mistake here; the Rev. Robert Keith was not a Dr.—He was born
in 1681, at Uras, in Aberdeenshire, was ordained an Episcopal clergyman in
1710, and cousecrated a Bishop of the Scottish Episcopal Church in 1727. He
resided in the Canongate, Edinburgh, from 1728 to 1752, when he removed to
Bonnington, near Leith (adjacent to Edinburgh), where he died on the 30th
January 1757, aged 76 years, and was interred in the Canongate churchyard. He
was the author of ** The History of the A flairs of Church and State in Scotland,”
published in 1734, and dedicated to the Lady Jane Douglas, Merchiston Castle. He
was related to the Marischal family, and dedicated to Marshal Keith in 1765 his
‘* Catalogue of Scottish BRishops.” It is remarkable that Ferguson should have
forgotten that he was a Bishop, and to have styled him Dr. Robert Keith.

90 The Editor of Lib. Ent. Knowl., vol. I. p. 206, remarks, that this was ** cer-
tainly a bold counsel to give; but Ferguson having in truth no other resource, fol-
lowed it, and succeeded beyond his most sanguine expectations.” The bold counsel,
however, was but an axiom in art, which Ferguson had adopted on the occasion
of his painting, in Indian ink, the portrait of William Baird, Esq., in the year
previous, whilst he was sojourning at Auchmedden.
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Marchioness of Douglas, at Merchiston House, near Edinburgh.®
Both the Marchioness®? and Lady Jane behaved to me in the
most friendly manner, on Dr. Keith’s account, and sat for their
pictures, telling me at the same time, that I was in the very
room in which Lord Napier invented and computed the logar-
ithms, and that if I thought it would inspire me, I should always
have the same room whenever I came to Merchiston. I stayed
there several days, and drew several pictures of Lady Jane, of
whom it was hard to say whether the greatness of her beauty,

51 h‘:ﬁ Jane Douglas was the sister of Archibald, Duke of Douglu, and was
born on the 17th March 1698. She appears to have been possessed of many singu-
Jur and extraordinary qualities; her figure and deportment noble, worthy of
that race from which she was sprung—oﬂtmng natural parts, improved by edu-
cation, of an insinuating address, and engaging manners. ‘‘ Upon the 4th of
August 1746 (when in her 49th year), Lady Jane was privately married to John
Stewart, Esg., commonly called Colonel John Stewart, from his having held that
rank in the Swedish service. This gentleman afterwards became Sir John Stewart
of Grandtully. As the Duke of Douglas had a prejudice against Mr. Stewart, Lady
Jane went abroad, and concealed her marringe . . . Lady Jane had two sons
born in Paris. With these, she and her husband returned to Britain ; but so hard
was their fate, that the Duke of Douglas rejected his nephews as supposititious
children, and would not even see Lady Jane nor them when they presented them-
selves at the gate of his castle. A suit having been raised to prove that the eldest
son, Archibald Douglas, Esq., had been a supposititious child, it was given against
him in the Court of Session in Scotland by tge casting-vote of the Lord President.”
This finding was afterwards reversed by the House of Lords, and he ultimately
succeeded to the dukedom and estates. This cause, * Mr. Archibald Douglas ».
Duke of Hamilton,” is still known as ‘“ The great Douglas Cause ; ” vide ‘‘ Letters
of the Right Honourable Lady Jane Douglas, by Alexander Lockhart, Dean of the
Faculty of Advocates.” It appears that such was Lady Jane’s husband’s want of
economy, that he was for some time within the Rules of the King’s Bench Prison.
¢ Mr. Stewart, her husband, was sunk in debt, prosecuted by his creditors, and
thrown into jail. In this destitute condition there was application made for
Lady Jane to his late Majesty (George 11.), who was graciously pleased to bestow
on her a pension of £300 per annum ; however, Lady Jane and her husband still
continued in very deplorable circumstances; in so much, that when Lady Jane
lived at Chelsea with her children, she was at different times reduced to the ne-
cessity of selling her clothes and other tritling effects, for the support of her
family and her husband.” Lady Jane died on 22d November 1753, in the 57th
year of her age, and was buried beside her mother, the Marchioness of Douglas,
in Holyrood Chapel burying-ground. Ferguson would hear of Lady Jane's mis-
fortunes, and of her residing in Chelsea ; and as he was then residing in London,
it is likely that he often visited his former noble and kind patroness.

Merchiston House, or Castle, in which Lady Jane and her mother, the Mar-
chioness of Douglas, resided in 1734, appears to have then belonged to a Mr.
Lewis, and that they rented it from him. It stands about a mile and a half SW
of the Cross of Edinburgh, now in the suburbs of Edinburgh in that district. The
view of it, given above, is from a print of 1754, taken from the NE, showing
the Pentland hills on the 8W in the distance. Allusion is here made to the room
in which Lord Napier computed the logarithms. It is understood that this was
the top room of the house, directly under the slates.

52 * Lady Mary Kerr, daughter of Robert, first Marquis of Lothian, and Mar-
chioness of Douglas, and mother of Archibald, first Duke of Douglas, died at
Edinburgh, 22d gammry 1736, in the 58th year of her age, and was interred in
Holyrood Chapel burying-ground.” The Marchioness therefore died during
Ferguson’s first residence in Edinburgh, and about a year and a half after his
first visit to Merchiston.
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or the goodness of her temper and dispositions, was the most
predominant.® She sent these pictures to ladies of her ac-
quaintance, in order to recommend me to them, by which means
I soon had as much business as I could possibly manage, so as
not only to put a good deal of money in my own pocket, but
also to spare what was sufficient to help to supply my father and
mother in their old age.® Thus a business was providentially
put into my hands, which I followed for six and twenty years.
Lady Dipple being a woman of the strictest piety, kept
a watchful eye over me at first, and made me give her an
exact account at night of what families I had been in through-
out the day, and of the money I had received. She took the
money each night, desiring I would keep an account of what I
had put into her hands, telling me that I should duly have out
of it what I wanted for clothes, and to send to my father; but
in less than half a year, she told me that she would thenceforth
trust me with being my own banker; for she had made a good
deal of private inquiry how I had behaved when I was out of
her sight through the day, and was satisfied with my conduct.
1736.—During my two years’ stay at Edinburgh, I somehow
took a violent inclination to study anatomy, surgery, and
physic, all from reading of books and conversing with gentle-
men on these subjects ; which, for that time, put all thoughts of
astronomy out of my mind, and I had no inclination to become
acquainted with any one there who taught either mathematics
or astronomy, for nothing would serve me but to be a doctor.5

53 This euology on Lady Jane is quite borne out by what we have given at the
veginning of note 51.

54 It is pleasing to observe that Ferguson was so attentive to the wants of his
parents ; indeed he appears to have attended to their little wants before attending
to his own.

85 The period to which Ferguson heve refers is the summer of the year 1734 ;
if to this date we add 26 years, which he followed in limning, we are bronght to
the year 1760, when it would appear that he entirely abandoned the profession of
limning. (See date 1760).

58 ¢The Chair of Anatomy in the University of Edinburgh was founded in
1720, and Dr. Alexander Monro, primus, was elected professor.” This eminent
man is justly considered as the founder of its Medical School. From small be-
ginnings, under his fostering care, and aided by coaﬁutors of the most splendid
talents and varied acquirements, it suddenly not only equalled, but became su-

rior in fame, as a School of Medicine, to all the continental seminaries. Dr.
E{eonro, the first professor, died at the age of 70, in 1767. The Chair for the Prac-
tice of Medicine in the University of Edinburgh, was founded upon 9th February
1726. Dr. John Rutherford taught the Practice of Physic in it for 40 years, and
was the first who delivered lectures in the Infirmary on Clinical Medicine,-—Vide
Bower’s Edinburgh Students’ Guide, pp. 32, 38, 63, 64. Thus it was Professors
Monro and Rutherford who had given such an impetus to the studies of Ana-
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At the end of the second year, I left Edinburgh, and went to
see my father, thinking myself tolerably well qualified to be a
physician in that part of the country, and I carried a good deal
of medicines, plasters, &c., thither; but to my mortification I
soon found that all my medical theories and study were of little
use in practice ; and then finding that very few paid me for the
medicines they had, and that I was far from being so successful as
I could wish, I quite left off that business,*” and began to think of
taking to the more sure one of drawing pictures again. For this
purpose I went to Inverness, where I had eight months business.*®

1739.—When I was there I began to think of Astronomy
again, and was heartily sorry for having quite neglected it at
Edinburgh, where I might have improved my knowledge by
conversing with those who were very able to assist me. I began
to compare the ecliptic with its twelve signs (through which the
sun goes in twelve months) to the circle of 12 hours on the dial-
plate of a watch, the hour-hand to the sun, and the minute-
hand to the moon, moving in the ecliptic, the one always over-
taking the other at a place forwarder than it did at their last
conjunction before. On this I contrived and finished a scheme
on paper for showing the motions and places of the sun and

tomy and Physic shortly before Ferguson’s visit to Edinburgh in 1734 ; and ac-
conﬁng to an old memorandum, dated shortly after this period, we observe that
‘‘anatomy and physic were all the rage in Edinburgh, and throughout Scotland
almost every one wished their sons to become doctors.” Ferguson seems to have
caught the epidemic.

At note 46 we mention that Ferguson arrived in Edinburgh in April 1734;
and as he says he was 2 years in Edinburgh, the period to which he refers his
departure from Edinburgh must be the year 1736. It would appear, from a
memorandum in our possession, that Ferguson * returned to the north,” some-
where about the end of September 1736. It is not unlikely that *‘ the affair of
the Porteous Mobd, of the evening of September 6th, 1736,” may have hastened
his departure from Edinburgh, as it ‘‘ quite unsettled that city for a great length
of time,” as a chronicler of the period records.

Ferguson comes here before us in a new profession, that of a DocTror. We
think that was a dangerous experiment. Alluding to this, Mr. Capel Lofft, at

. 228 of his ‘“ Eudosia,” says—viz. Mr. F. ** made soms attempts in the medical

ine, but honestly laid them aside soon, not venturing far in an employment to which
experimental knowledge is no less required than genius, and where the consequences
of error are often so fatal.” 1t appears that Ferguson, after his return to the north,
in September 1736, *‘di. medicine, gave out plasters, and atlended to all
the ills that flesh is heir to,” until early in 1739 (for upwards of 2 years); now
and then all the while attending to the ‘‘ taking of pictures’ among the gentry
and his friends.

57 As mentioned in last note, it must have been about the end of the year 1738
or early in 1739 that Ferguson abandoned the profession of * country doctor,” at
which peried he would be about 28 or 29 years old.

68 Inverness is 59 miles WSW of Keith, and it was, as he notes, the year 1739
when he went thither. In the month of Mn{ of this year, Fergnson married
Isabella Wilson, daughter of George Wilson, of the neighhouring parisb of Grange.
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moon in the ecliptic on each day of the year perpetually, and
consequently the days of all the new and full moons.5®

To this I wanted to add a method for showing the eclipses
of the sun and moon, of which I knew the cause long before,
by having observed that the moon was for one half of her period
on the north side of the ecliptic, and for the other half on the
south; but having not observed her course long enough among
the stars by my above-mentioned thread, so as to delineate her
path upon my celestial map, in order to find the two opposite
points of the ecliptic in which her orbit crosses it, I was alto-
gether at a loss how and where in the ecliptic (in my scheme)
to place these intersecting points; this was in the year 1739,

At last I recollected that when I was with Squire Grant
of Achoynaney, in the year 1730, I had read, that on the 1st
of January, 1690, the moon’s ascending node was on the 10th
minute of the first degree of Aries, and that her nodes moved
backward through the whole ecliptic in 18 years and 224 days,
which is at the rate of 3 minutes 11 sec. every 24 hours; but
as I scarce knew in the year 1730 what the moon’s nodes meant,
I took mno further notice of it at that time.

However, in the year 1739, I set to work at Inverness, and
after a tedious calculation of the slow motion of the nodes from
Jan. 1690 to Jan. 1740, it appeared to me that (if I had re-
membered right) the moon’s ascending node must be in 23 deg.
25 min. of Cancer, at the beginning of the year 1740;% and so
His doctor business being a complete failure, he again directed his atteation to
Limning; and, in pursuit of employment, went to Inverness in July 1789,
Ferguson informs us that he had eight months business at Inverness. From ‘‘Kiag's
Munimenta Antiqgua” it appears that in 1740 Ferguson was at Castle Downie (near
Inverness), and the guest of the famous Simon Lord Lovat of ¢“ the '45," engaged,
no doubt, to paint portraits of the chief, or some of his friends. Ferguson’s so-
journ at Inverness, therefore, appears to have extended into 1740.

59 This is a very simple and ready-at-hand illustration of the relative motions
of the sun and moon, and one which we ourselves adogted in our early days. The
relative conjunctions of the hour and minute hands, however, do not correspond
with those of the sun and moon during the year. The hour and minute hands
of a watch comes only 11 times into conjunction in 12 hours ; whereas the sun and
moon come into conjunction 12 times in the course of 385 days; or more cor-
rectly, in 12 hours there arc exactly 11 conjunctions of the hour and minute
hands ; whereas, in 365:243 d. the moon comes 12 times into conjunction with
the sun, and Wffy into the thirteenth conjunction.

60 It is not now known what process of calculation Ferguson followed in deter-
niining the place of the moon's ascending node, on January 1st, 1740, from its posi-
tion on January 1st, 1690. He merely informs us that the process was a tedious one,
and gives us only one of his periods—viz. 18 years 224 days, the period of the nodes,
whicil. he says, is *“ at the rate of 3 min. 11 sec. in 24 hours.” This is too slow ; our
calculation gives 3 min. 10§ sec. He does not give us the ]ﬂ;%th of the year he

used in this calculation ; but we presume it would consist of 365 days 5 hours 48
min. 55 sec., as then generally adopted. Assuming this to be the case, we shall
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I added the ectipse part to my scheme, and so called The As
tronomical Rotula.8

go over the sumuc calculation. It is evident that from January 1, 1690, to Janu-
ary 1, 1740, there are exactly 50 years—365d. 5h. 48m. 55s.=— 3652423,
dec. X 50 =18262d. 115dec. In 18 years 224 days there are 6798:5016 days (for
18y. 224d.=18613 years X 365°2423 = 6798°5106d.); then, 18262d°115, the
days in 50 years < 67985016, the period of the nodes, and it will give 2:686, that
is, from January 1st, 1690, to January lst, 1740, a period of 50 years. The
moon'’s ascending node had made two entire revolutions, and was ffif on its way
in a ¢third revolution :—2-686 — 2 circles 247° 57 min., and 247° 57 min., reckon-
ed backward from 10th min. of 1st degree of Aries, falls upon Cancer 23° 13"
Ferguson makes it ¢ Cancer 28° 25’ ;" this difference of 12 min. between Fergu-
son’s result and our own may arise from his peculiar mode of calculation, or from
our own process being worked out with an assumed period of 365d. 5h. 48m. 57s.
or 3652423 days. The difference between Ferguson’s result and our own is 12’ of a
degree, nearly the *‘ quarter of a degree,” as noted by Mr. Maclaurin to Ferguson;
but whether the 12" ought to be plus or minus Ferguson's period, we have no means
of ascertaining. Our calculation, however, is ciently near, as an illustration,
to show how such a matter may be determined ; and that too in & very short period.

61 This * ASTRONOMICAL RoTULA" is an extraordinary production. It has been
long out of print, and is now unknown. We have a copy of the engraving of the
largest plate of this Rotula; in the lower left-hand corner of which, we find ** Jas.
Ferguson Inw,” and in the lower right-hand corner, * R. Cooper, Sculp.” The
large ohlo:f sheet in our possession, and which forms the basis of the Rotuls, is,
in engraved surface, 174 by 12} inches. At the top of the engraving, in German
or Church text, are the words ¢ THE AsTRONOMICAL RoTULA ;" and immediately
below, in four long running lines, it states that it *‘ shows the place of the sun,
moon, and moon’s nodes tn the ccliplic, with their distances from one another every
day in the year; the true time of all the cclipses of the sun and moon from 1730 to
1800 inclustve, together with the figure of all those that are visible at Edinburgh,
London, and Parts; the day of the month, moon's age and southing, high water at
several , equation of time and moveable feasts, rising and selting of the sun at
Edinburgh ; the motions, magnitudes, solar distances; hourly velocities, &c. of
the planets; the differcnces of time in most remarkable places of the earth, with
plain and easy tables for calculating the true time of new and full moon.” Near
the centre of the engraving are a series of 19 concentric circles (diameter of lar-
gest circle, 11§ inches, smallest one, 6} inches; on these circles are the signs of
the zodiac, degrees, minutes, &c.; days of month and names of the month, do-
minical letter, and other cycle tables. In the top right-hand corner are tables for
ascertaining *‘ first day of moon for 300 ycars; below, rules to find the moon’s
coming to south by her age, and the comparative diameters of Saturn and Rings,
Mars, and the Earth and Moon.” In the right-hand corner are tables for finding
¢ first day of each month for ever; ” below, table to ¢ find the time of high water
at several ports, with comparative diameters of Venus, Jupiter, Mercury, and &
Comet.” In the lower left-hand corner are cycles for finding new moon ; below,
is & circular table showing the mean motion of the moon from the sun; under
this are *‘ Sun’s rising and setting tables; " and directly under the series of circles
before noticed, is a table of the equation of time, new and full moon in hours,
minutes, &c.; and in the lower right-hand corner is a dial-plate of 24 hours, tables
of the sun's equation, and eycles for finding full moon. Such is a glance detail
of this complicated Rotula. It is one of those things which *‘ require lo be seen
1o be appreciated.” Mr. Cameron of Inverness informs us that there is a complete
Rotula in Culloden House, having on the back of it—*‘ T'o the Right Honourable
Duncan Forbes of Culloden, Lord President of the College of Justice, this Astro-
nomical Rotula s, with profound respect, inscribed, by his Lordship's most obe-
dient, and most humble servant, James Ferguson.” This complete Rotula is
mounted. Our correspondent, Mr. Cameron, mentions, that *‘ ¢this Rolula is
suspended on the wall of the great hall of Culloden Castle, is glazed, and in a
rosewood frame, gilt edged. It is worked at the back by wooden knobds or keys.” It
is remarkable that this Rotula should have heen dedicated to Duncan Forbes,
Fsq., instead of Professor Maclaurin, who had done so much to bring it out.
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1740.—When I had finished it I showed it to the Reverend
Mr. Alexander MacBean, one of the ministers at Inverness$?
who told me he had a set of almanacs by him for several years
past, and would examine it by the eclipses mentioned in them.
We examined it together, and found that it agreed throughout
with the days of all the new and full moons and eclipses men-
tioned in these almanacs, which made me think I had con-
structed it upon true astronomical principles. On this, Mr.
MacBean desired me to write to Mr. Maclaurin, professor of the
Mathematics, at Edinburgh, and give him an account of the
methods by which I had formed my plan, requesting him to
correct it where it was wrong. He returned me a most polite
and friendly answer (although I had never seen him during my
stay at Edinburgh), and informed me that I had only mistaken
the radical mean place of the ascending node by a quarter of a
degree, and that if I would send the drawing of my Rotula to
him he would examine it, and endeavour to procure for me a
subscription to defray the charges of engraving it on copper-
plates, if I choosed to publish it. I then made a new and cor-
rect drawing of it and sent it to him, who soon got me a very

Possibly Fergnson may have offerod to dedicate it to him, and have suggested
‘ The Klght Honourable the Lord President of the College of Justice,” as a name
of ter influence.

n the back of the title-page of his pamphlet, entitled, * The use of @ new
Orrery, published about August, 1746, we find the following advertisement
relative to this ROTULA—** Ths ASTRONOMICAL RotuLa, shownng the place of
the sun, moon, and moon's nodes in the ecliptic, with their distances from one
another every day in the year; the true times of all the eclipses of the sun and
moon, from 1730 to 1800 nclusive, together with the figures of all those that are
visible at London, Edinburgh, and Paris; the molions, magnitudes, solar dis-
tances, hourly vdocum de. of all the planets; plain and easy astronomical tables,
never before published, for calculating the true lime of new and L moon ; the
hour of the day or night in most remarkable places of the earth, ing the time
at any one of them given; wdhaevmlothsrproblenw, as shown by a printed
direction bell to this sch Price Five shillings.”

63 The Reverend Alexander Macbean died at Inverness ou the 2d November
1762, aged 78 years. We are indebted to Mr. James Cameron, Inverness, for the
fo]lowm inscription, copied from his grave-stone in the parish churchyard there :

this stone are deposiled the remains of the Reverend Mr. Alevander
Macbean, who died on the 2d day of November 1762, aged 78 years, and in the
fiftieth year of his mmutry, the laat forty-two of which was at Inverness. Here
are also depos remama ory Macbean, his spouse, who died March
30¢k, 1766, aged 86 years.” m inscription, it is evident that he was
inducted one of the ministers of lnvemess in 1720, when in the 36th year of his

At the time of Fe e\}uson '8 visit to him, in 1739 he would be about 55 years
Bfe' He therefore lived through the greater part of Ferguson's life-time, and
would hear of his celebrity as an author, and public lecturer on Astronomy and
Experimental Philosophy ; and of his Majesty, George I11., having bestowed on
him a yearly pension of £50.

F
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handsome subscription by setting the example himself and
sending subscription papers to others.®

1741.—1I then returned to Edinburgh® and had the Rotula
plates engraved there by Mr. Cooper.® It has gone through
several impressions, and always sold very well, till the year
1752, when the style was changed, which rendered it quite
useless. Mr. Maclaurin received me with the greatest civility
when I first went to see him at Edinburgh ; he then became an
exceeding good friend to me, and continued so till his death.

One day I requested him to show me his orrery, which he
immediately did. I was greatly delighted with the motions of
the earth and moon in it, and would gladly have seen the wheel-
work, which was concealed in a brass box, and the box and
Planets above it were surmounted by an armillary sphere; but he
told me that he had never opened it, and I could easily perceive
that it could not be opened but by the hand of some ingenious
clock-maker, and not without a great deal of time and trouble.®

63 Mr. Colin Maclaurin, one of the most accomplished mathematicians of his
day, was born at Kilinoddan, in Argyleshire, in 1698 (of which parish his father
was the minister). On the recommendation of Sir Isaac Newton, he was, in 1725,
appointed Professor of Mathematics and Natural Philosophy in the University of

inburgh. He had a small Observatory erected on the south side of the old
College, Edinburgh, furnished with valuable instruments. He was the author of
the following works :—1st, Geometrica Organica, sive Descripto Linearum Cur-
varum Universalis, 1720 ; 2d, On the Percussion of Bodies, 1724 ; 3d, A Treatise
on Fluxions, 1740; 4th, An Account of Sir Isaac Newton's Philosophical Discover-
ies. He was also the author of several philosog‘hical tracts and papers. He died
suddenly (of dropsy) on 14th July, 1746, in the 49th Myear of his age, and was
interred in Greyfrars churchyarj,' Edinburgh. Mr. Maclaurin thus died in the
prime of life, and before Ferguson had risen to any celebrity.

64 By reference to our memoranda, it appears that Fe n returned to Edin-
bngh early in the spring of 1742. His age at this period would be 32 years.

David Laing, E‘.sq., LL.D., of the Siguet Library, Edinburgh, informs us
that ** Mr. Richard Cooper was a native of Yorkshire, England, and practised many
years in Edinburgh as an engraver and copper-plate printer, &c., and resided in
St. John's Street, Canongute, Edinburgh. The time of his death we have ner
ascertained. He was alive in 1761. He was interred in the Canongute church-

ard. Cooper was a very eminent engraver.” Ferguson, in a foot-note in his

emoir, intorms us, that ** Cooper was master (o the justly celebrated Mr. Robert
Strange, who was at that time his apprentice” (Sir Robert Strange). Besides en-
graving Ferguson’s Astronomical Rotula plates, he about the same time appears
to have engraved another plate for him, now long out of print, and is very rare ;
we have an impression of 1t in our possession ; the print on the card is 54 by 3§
inches ; the upper part of the card is taken up with a scale of days of the month,
signs of the zodiac, &c.; directl{ under which is a triangular ** scale of latitudes in
degrees from the cquator.” At the foot is a sort of semicircular sun-dial, with hours,
minutes, lines, and has scales for rectifications, &c., at the sides. In the left-hand
corner is ** James Ferguson, Delin.;” and in the right-hand corner, ‘‘ R. Cooper,
Sculp.”

“PThe Secretary of the University of Edinburgh (Alexander Smith, Esq.), in-
forms us, that this orrery is not now in his University. Probably it was the
private property of Mr. Maclaurin, and removed at the time of his death, in 1746.
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After a good deal of thinking and calculation I found that I
could contrive the wheel-work for turning the planets in such
a machine, and giving them their progressive motions; but
should be very well satisfied if I could make an orrery to show
the motions of the earth and moon, and of the sun round its
axis. I then employed a turner to make a sufficient number of
wheels and axles, according to patterns which I gave him in
drawing; and after having cut the teeth in the wheels by a
knife, and put the whole together, I found that it answered all
my expectations. It showed the sun’s motion round his axis;
the diurnal and annual motions of the earth on its inclined axis,
which kept its parallelism in its whole course round the sun;
the motions and phases of the moon, with the retrograde motion
of the nodes of her orbit; and consequently, all the variety of
seasons, the different lengths of days and nights; the days of
the new and full moons and eclipses.”

1742.—When it was all completed, except the box that covers
the wheels, I showed it to Mr. Maclaurin, who commended it,
in presence of a great many young gentlemen who attended his

From Ferguson's description of it, it,would seem that it was something similar
to those excellent orreries constructed }?' Rowley and by Wright, during the
early part of last century. Sir John Herschel, in his Astronomy (Cabinet
Library), writes unfavourably of orreries, planetaria, &c., apparently, because
they could not be made to show the comparative masses and distances of the
planets ; but surely thev&'reat many other excellences in an orrery far outweigh
these two objections. e understand that, in consequence of his opinion, the
demand for orreries, &c., has very much declined. We regret this, for, with all
due deference to Sir John, we think that an orrery is of great use—a great first aid
to the untutored. It is not every one that is born to be an astronomer ; perhaps
not one in a thousand can formn a proper conception of the motions of our planet-
ary system. With a very great many, the eye requires to be taught before the
mind ; and we would therefore strongly advise the young and the unlearned in
astrono:‘\ly, to go to an orrery and see its several beautiful motions. More may
be gained by the sight in an hour, than by the study of books in a year. The
motions in Maclaurin's orrery gave Fe n intense delight and satisfaction.
The sight of it in motion materially aided him in his after studies.

67 It is to be regretted that Ferguson has given no account of the wheel-work
of this, his first orrery. It would have been interesting now to have known by
what process of calculation he got his numbers for the teeth of his wheels and
pinions. As this is not known, it cannot now be shown with what degree of
accuracy the several motions were produced. We ure inclined to think that it
was a rude piece of work, and made not for correct motions, but merely to show
them ; probably contenting himself with the earth turning on its axis in 24 hours,
and completing a revolution round the sun in 365} days, the synodic revolution
of the moon in 29} days, and the nodes of her orbit in 19 years. Thus, by dis-
carding minutes and seconds, he would be able to make a simple orrery at little
trouble and expense. We may here note, that to produce the parallelism of the
carth’s axis, and the retrograde motion of the nodes of the moon’s orbit, shows
that Ferguson, at this early period, had an intimate knowledge of the theory and

ractice of wheel-work (perhaps receiving some assistance from Derham’s ** Arti-
cial Clockmaker,” 3d edit. Lond., 1714).
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lectures. He desired me to read them a lecture on it, which I
did without any hesitation, seeing I had no reason to be afraid
of speaking before a great and good man who was my friend.®
Soon after that I sent it in a present to the Reverend and in-
genious Mr. Alexander Irvine, one of the ministers at Elgin, in
Scotland.®

1743.—I then made a smaller and neater Orrery, of which
all the wheels were of ivory, and I cut the teeth in them with
a file. This was done in the beginning of the year 1743; and
in May that year I brought it with me to London, where it was
soon after bought by Sir Dudley Rider” I have made six

68 This lecture, on_his wooden orrery, appears to have been delivered by him
in the old College of Edinburgh, in the spring of the year 1742, when in the 32d
year of his age. Notwithstanding the celebrated Maclaurin being his friend, it
would require from Fe; n some considerable amount of confidence and self-
possession to bear him through with this his first public lecture.

69 The Reverend Alexander Irvine was a leameg, ingenious, and most amiable
man. Fora f'rmt. length of time he was Presbytery clerk of Elgin district. He
wrote & small but clear and beautiful hand, as is shown by his entries in the
Elgin Presbytery Records. His favourite study was astronomy. On February
18th, 1736-7, he made preparations for observing the annular eclipse of the sun, but
was prevented, by clouds, from seeing the annulus for above half a minute. He,
however, sent &8 memorandum ing what he did see, to the celebrated Pro-
fessor Maclaurin, at Edinblzﬁh, who, along with other notices of the eclipse,
inserted it in the Philosophical Transactions as follows :—1736~7, February 18th.
« At Elgin the eclipse was observed annular at 36h. 29, the larger part of the
ring uppermost, by the Reverend Mr. Irvine, who had a view of it for about 30,
but by reason of intervening clouds could not determine the beginning or end of
this appearance ;” (vide Phil. Trans. Ab., vol. 8th, p. 147). Mr. Irvine contrived
various pieces of astronomical mechanism, and also constructed a wooden clock,
which has been long in the possession of the Rev. Peter Merson, at Elgin. No
traces of the wooden orrery sent to him by Ferguson can now be found.

The Rev. Dr. Francis Wylie, of Elgin, informs us, that Mr. Irvine was ordained
at St. Andrews (Lanbryde), the parish next to Elgin on the east, on the 1st March
1725. From this charge he was translated to that of Auldearn, in the Presbytery
of Nairn, on 7th January 1731; from which he was translated to the Collegiate
charge of Elgin, on 12th August 1735, and died on the 22d December 1758 ; and,
as it would appear, in the 59th year of his age. From this it is obvious that he
was an ordained minister for nearly 34 years, and was minister of Elgin 23 years
and 8 months, He corresponded with Ferguson until shortly before his death.
Ferguson wrote a long and interesting letter to him from London, dated London,
17th January 1758 (see date 1758), about 11 months before Mr. Irvine's death ;
the original letter of Ferguson is preserved, and may be seen in the Elgin museum.
Thus this amiable and ingenious gentleman died about 2§ years after Fe n
published his great work, ** Astronomy Explained, upon Sir Isaac Newton's Prin-
ciples,” &c., and just as Ferguson was rising into celebrity.

70 This small orreriis still in existence, is now the }}:ropcrty of Sir Dudley
Ryder's descendant, the Right Honourable the Earl of Harrowby, and is to be
seen at his Lordship’s residence, Sandon Hall, Staffordshire. e Honourable
Henry D. Rtider (his Lordship's son) informs us, that this orrery was much
damaged by the fire which destroyed 8andon Hall, on June 6th, 1848 ; ‘ that the
works of this orrery are enclosed within a mahogany box ; that the horizon and
other circles on it are papered and filled up by the pen ; that the horizon circle is
about 16 inches in diameter, and that there are neither initials nor date anywhere
on it to be found—it is not known what Sir Dudley Ryder paid for it.” Sir
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Orreries since that time, and there are not two of them in
which the wheel-work is alike; for I could never bear to copy
one thing of that kind from another, because I still saw there
was great room for improvements.”

I had a letter of recommendation from Mr. Baron Edlin,”® at

Dudley Ryder, Lord Chief Justice of England, died 25th May 1756.——*‘ A patent
was {leparmg to create him a Peer, by the title of Lord Ryder of Harrowby, Lin-
colnshire ; he had not kissed his Majestg's hand as was reported.” Vide Ben-
Jjamin Martin’s Miscellaneous Correspondence, vol. 1st, p. 306.

Ferguson here mentions that he arrived in London in May 1743. Referring to
our memoranda, we think it is evident that he and his wife sailed from Leith for
London, in a Leith smack, on Saturday 21st May, arriving in London on Fri-
day 27th May 1743. (See note 102).

71 We apprehend that Ferguson alludes to the arrangement of the wheel-work,
rather than to new caleulations for wheels to produce more accurate periods, as
during his lifetime he used 365d. 5h. 48’ 55" average, as his value of the length
of a year; and to produce this, he continually adopted Camus’s fraction for his
annual train of wheels—viz. y% X oy X #5=365d. 5h. 48’ 58”78 (error 8§ seconds
plus). In the year 1826, we made a set of new calculations for an orrery which
we constructed ; and by following a peculiar mode in working out our continuous
ratios, we obtained the following fractions—viz. & X 48 X $#=3865d. 5h. 48' 55"-38,
(error A5 of a second only). It is surprising that Ferguson adhered so firmly to
Camus’s fraction, never trying to get more accurate wheel-work. Had he, by
calculation, come upon our fractional ratio, and adopted it, he would have got a

riod, for his solar year, within the third part of a second of the then ascertained

ength of the year; but it is likely that the method of obtaining accurate ratios
by ‘“ continuous fractions” as applicable to wheel-work, was not known in Fer-
guson’s time.

We have succeeded in tracing out four of Fe n’s orreries ; 1st, The orrery
sold in 1743 to Sir Dudley Ryder, is now the property of his descendant,
the Right Honourable the 1 of Harrowby, Sandon Hall, Staffordshire; 2d,
Shortly after Ferguson’s death, in 1777, a London Publium, an admirer of
Ferguson, named his house ‘ The Ferguson’s Head," where there was long
to be seen one of Ferguson’s large wooden orreries, which the publican had pur-
chased at Ferguson's sale in 1777. (Our late friend, Mr. Andrew Reid of Lon-
don, brother of Mr. Thomas Reid, watchmaker, Edinburgh, who had seen this
orrery in 1787, was our informant ; also, see London Mirror, vol. 29th, No. 822,
p- 128, for 1832). Mr. Bartlett, watchmaker, Maidstone, discovered this orrery,
in 1836, in an old curiosity 8:]0(3) in Old Compton Street, London, and purchased
it for £3. He (Mr. B.) presented it to the Manchester League Bazaar, where it was
sold to some person unknown; 8d, At the sale of Mr. %‘Aomas Hawys' Mathe-
matical and Philosophical Instruments, on Tuesday, 18th October 1807, ‘there
was sold *‘ a large orrery with glass shade, made by Ferguson,”—vide cat. of this
sale. This orrery appears to have got into the possession of the late Professor
Millington, about the year 1818 ; 4th, In the University of London there is one
of Ferguson’s orreries, which was presented to this University on 27th June 1851,
by George Walker, of Port Louis,—vide appendix, article ‘ ORRERY.”

72 rding Mr. Baron Edlin, we are much indebted to Robert Cox, Esg.,
W.8., Edinburgh, for the following Eputiculars:—“ In the M8, ¢ Register of Privy
Seals Sign Manuals,’ kept in the Exchequer office, Edinburgh, vol. 2d, p. 250,
the Commission or Letters patent, dated 17th August 1730, aﬂpointing ward
Edlin, Esq., a Baron of the Exchequer, in place of Edmund Miller, Esq., deceas-
ed ; also, a warrant dated 5th October 1730, authorizing the payment to him of
£500 a-year, in addition to the £600 payable under the Commission, or Letters
Patent, in consideration of his leaving his practice of the law in this part of the
United Kingdom (i. e. London), to attend our service, and for other good causes
and considerations ; this warrant is signed ¢ R. Walpole, Wm. Yonge, Win. Clay-
ton.” In vol. 4th, p. 282 of the same register, there is a commission dated 29th
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Edinburgh, to the Right Honourable Stephen Poyntz, Esq., at
St. James's, who had been preceptor to his Royal Highness the
late Duke of Cumberland, and was well known to be possessed
of all the good qualities that can adorn a human mind. To me
his goodness was really beyond my power of expression; and I
had not been a month in London till he informed me that he
had wrote to an eminent Professor of Mathematics to take me
into his house, and give me board and lodging, with all proper
instructions to qualify me for teaching a Mathematical School
he (Mr. Poyntz) had in view for me, and would get me settled
in it. This I should have liked very well, especially as I began
to be tired of drawing pictures, in which, I confess, I never
strove to excel, because my mind was still pursuing things more
agreeable. He soon after told me that he had just received an
answer from the Mathematical Master, desiring I might be sent
immediately to him. On hearing this, I told Mr. Poyntz that
I did not know how to maintain my wife during the time I

Mrs. Ferguson.—From a Painting on Vellum by Ferguson.

must be under the master's tuition. What, says he, are you a
married man? I told him I had been so ever since May in the

May 1761, to George Winn, of Lincolns Inn, Esq., as Baron, in place of Ed\_ward
Edlin, deceased. %;rom another register it appeared that Baron Edlin's widow
petitioned, after his death, for his salary, down to 10th December 1760, which
thus appears to have been the date of his decease, as it is not the stated period of
paying salaries. He had executed, on 22d November 1738, a ‘ writing’ by which
she had right to reccive sums due to him. Baron Edlin was of Lincoln’s Inn,
London.”
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year 1739. He said he was sorry for it, because it quite de-
feated his scheme; as the master of the school he had in view
for me must be a bachelor.™

He then asked me what business I intended to follow? I
answered that I knew of none besides that of drawing pictures.
On this he desired me to draw the pictures of his lady and chil-

73 1t appears singular that ¢ how to maintain his wife during the time he would
require to be under the master's tuition,” did not occur to him at that interview
with Mr. Poyntz, when he had been informed of what had been done. Probabl
in the interval, and before this visit, he had been talking the matter over wit{
his wife, when this difficulty would be likely to suggest itself, and first raised it
at this visit. Mathematics was by no means in Ferguson’s way, he would have been
out of his element in such a school ; in short, he would not have been successful in
it (see also Appendix). Ferguson alludes to his wife only twice in his writings ;—
viz. 1st, In his ¢ Electricity, 1770,"” article 96, p. 130; and 2dly, In his Memoir,
as here noted, 1773. Relative to Ferguson's marriage, Mr. Robert Sim, of Keith,
has kindly extracted for us, from ** Keith Parochial Record,” the following :—

« Keith, 1739, April 28. James Ferguson in this parish, and Isabel Wil-
son in the parish of Grange, were matrimonially contracted at Grange,
as a testimony therefrom bears, and being orderlie proclaimed with us
were married al Grange May ultimo 1739.”

The Reverend Mr. James Allan, l?rment minister of Grange, has kindly sent us
the following extracts relative to Ferguson’s marriage, from his Parish Register:—
‘“ Grange, April 27th. James Ferguson in the parish of Keith, and Isa-
bel Wilson n this parish, were contracted in order to marriage, and after
the ordinar Proclamation of banns were married at Grange the 31st May

1739 years.”

The Rev. Mr. Allan, in a letter to us, mentions that *‘ the nume James Ferguson,”
in the marriage entry, is written down in extraordinarily large writing; letters at
least & quarter of an inch in size, and that there is nothing like it in the Grange
Register, which appears to indicate, that the Grange Session-Clerk of that day had
considered him as *‘a man of note.” He also informs us that ¢ the Reverend James
Murray was minister of Grange from 1700 to 1741, and that, therefore, there is no
doubt he officiated on the occasion.” (Letter from Rev. James Allan, Minister of
Grange). Mr. Ferguson's wife, Isabella Wilson, was born on 24th December 1719.
Rev. lﬁr. Allan also sends the extract of her birth, from Grange Baptism Record—
viz. ** George Wilson in Cantly had a daur be his wife Elspet Grant baptised and
called Isabell :—Witnesses, John Sandieson, in Keith,—Robert Bremner in Mains
of Grange, — Isobell Murray in Canily, Isobell Geddes in Nether Haughs,
and Isobel Grant, Dec. 24th 1719.” She was thereforo about 10 years younger
than Ferguson. She was the second daughter of George Wilson of Cuntly.
We annex an engraving of Mrs. Ferguson, taken from the original mini-
ature one in Indian ink, bg Ferguson, her husband, about the year 1749-50,
when she was in her 30th year. John Ferguson, Esq., the youngest son
of the astronomer, had it in careful keeping until shortly before his death
in 1883, when he gave it to the eldest of the two Misses Moir, with whom
he had so long resided. Some time before her death, Miss M. gave it to her
relative, Mrs. Gordun, who again gave it to her son, James Gordon, Es(&, 10
Windmill Street, Edinburgh, in whose ion it now is, and to whose kind-
ness, along with that of James L. Rutherfurd, ., 10 Windmill Street,
Edinburgh, we are indebted for a photograph from it. The original is finely done
in Indian ink—is within a small oblong frame, 4§ by 8} inches—broad front and
roughly gilt. In the middle there is an oval opening 3} by 2 inches, with a
sloping ogee to the portrait—the portrait is seen in this oval. The frame is } inch
thick mahogany, but rhatps an outer frame enclosed this small one. We have
had several photog‘rapﬁ, of various sizes, taken from it, from one of which our
engraving of Mrs. Ferguson has been taken. (See page 46).
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dren, that he might show them, in order to recommend me to
others; and told me, that when I was out of business, I should
come to him, and he would find me as much as he could : and
I soon found as much as I could execute; but he died in a few
years after, to my inexpressible grief™

Soon afterward it appeared to me that although the moon
goes round the earth, and that the sun is far on the outside of
the moon’s orbit, yet, the moon’s motion must be in a line that
is always concave toward the sun; and upon making a delinea-

Trajectorium Lunare, 1744.

tion, representing her absolute path in the heavens, I found it
to be really so. I then made a simple machine for delineating
both her path and the earth’s, on a long paper laid on the floor.™

74 The Right Honourable Sir Stephen Poyntz, formerly preceptor to the Duke
of Cumberland, and a Privy Counsellor, died on the 17th December 1750, and
supposed to have been then about the 65th f'ear of his age (vide Gentleman's Maga-
zine, vol. xx. p. 570). His Royal pupil, William, Duke of Cumberland (of
Culloden renown), was born in Loundon, 15th April 1721, and died very sud-
denly by the bursting of a blodd-vessel in the head, at his house in Upper
Grosvenor Street, London, on 31st October 1765, aged 45.

78 At the refﬁuest of Martin Folkes, Esq., President of the Royal Society, Fer-
guson published a large copper-plate engraving of the curve generated by his Tra-
Jectorium Lunare. his plate has been long out of print, and is exceedingly
scarce. We have had an exact copy taken from the one deposited in the British
Museum (No. 8¢34 f. 7). The engraving is on a slip of paper, occupying a space
of 2 feet 10§ inches in length, by 6} inches in breadth. The curve in the eugrav-
ing shows the imaginary curve of the moon for upwards of a lunation, and in
two lines, running the whole length of the paper at the top, are as follows:—
*“ The line delineated which ye moon describes in ye¢ heavens, during ye time of
somewhat more than a month, showing that her real path i3 constantly curved
towards ye sun. The dotted line represents a portion of ye earth’s annual orbit
round ye sun, considered as a circle, y¢ numerical figures showing its motion from
west Lo east, every day for 34 days, accounted from y¢ time of any particular new
moon. The black line represents ye moon’s true path in ye heavens, whilst her ap-
varent orbit about ye earth, expressed by y¢ several small circles, is itself carried
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I carried the machine and delineation to the late Martin Folkes,
Esquire, President of the Royal Society,” on a Thursday after-
noon. He expressed great satisfaction at seeing it, as it was a
new discovery, and took me that evening with him to the Royal
Society, where I showed the delineation, and the method of
doing it.”

When the business of the Society was over, one of the mem-
bers desired me to dine with him next Saturday, at Hackney,
telling me that his name was Ellicott, and that he was a watch-
maker.

I accordingly went to Hackney, and was kindly received by
Mr. John Ellicott, who then showed me the very same kind of
delineation, and part of the machine by which he had done it;
telling me that he had thought of it twenty years before. I
could easily see by the colour of the paper, and of the ink lines
upon it, that it must have been done many years before I saw
it. He then told me, what was very certain, that he had neither
stolen the thought from me nor had I from him. And from that

by y¢ earth round ye sun.——Note, that the radius of the earth’s orbit in the
scheme s of 81 such parts as ye d scale conlaineth nine, every one of which ts
supposed, Lo answer to a million of miles tn ye heavens; ye radius of ys moon's ap-
parent orbit about ye earth, or her constant distance from ye same is P of one of
those parts, answering to 240,000 miles, which is agreeable lo y¢ true distance of
ye earth from ye sun, and of y¢ moon from ye earth.” The engraving, at foot, has
as follows :—** Martin Folkes, Ksq., President of Royal Society, this plate is dedi-
cated by his most humble servand, James Ferquson. Published June 26th, 1745,
according to act of Parliamend.”” On each side of this dedication are explanations
of the moon’s motion on the curve which occupies the centre part of the engrav-
ing. In a letter written by Fe n to the Rev. Thomas Birch, D.D., Secretary
Royal Society, he says, *‘ My scheme of the moon's path, on large paper, is sold by
Mr. Senex, at the Globe, opposite St. Dunstan's Chwrch, Pleet Street: Price1s. 6d.”
After Ferguson published this moon's-path engraving, a great many ingenious
men came forward to claim the discovery as theirs ; and from one of Ferguson's
letters, it is evident that he was chal with having ‘“ pirated” the invention
from the *‘ Gentleman’s Magazine.” r. Ellicott, in his interview with Fergu-
son, at Hackney, mentions, that he * had thought of it twenty years before,” or
about 1724; and a Mr. Badder published a diagram of the moon’s path, in
August, 1742, three years before Ferguson published his delineation. As all such
discoveries were unknown to Ferguson, /s had all the merits of an original in-
vention or discovery. We annex a cut of the Trajectorium Lunare, taken from
Plate 7th of * Ferguson's Astronomy.” (See description of the ‘* Trajectorium
Lunare,” under date 1744, with Ferguson’s letter to Rev. Thomas Birch rogard-
in% it, and Badder's lunar curve).

6 Martin Folkes, Esq., President of the Royal Society at this period, in 1745
published *‘ Tables of English Silver Coins, from the Norman Conquest to the
present time, with their weights and intrinsic values,” illustrated by plates, on
which are engraved * fac-similes of 1,000 different coins.” e died in the year
1754, aged 64.

n Aatgthis period, we are informed, the aj ents of the Royal Society were
in Crane Court, Fleet Street, London, and that their day of meeting, whilst in
session, was on Thursdays, at 8 o'clock in the evening.

G
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time, till his death, Mr. Ellicott was one of my best friends.”
The figure of this machine and delineation is in the 7th Plate
of my book of Astronomy.™

1744.—Soon after the style was changed I had my Rotula
new engraved, but have neglected it too much by not fitting it
up and advertising it.% After this, I drew out a scheme and
had it engraved, for showing all the problems of the Rotula,
except the eclipses; and in place of that, it shows the times of
rising and setting of the sun, moon, and stars, and the positions
of the stars for any time of the night.®

1747.—In the year 1747 I published a Dissertation on the
Phenomena of the Harvest Moon, with the description of a new
orrery, in which there are only four wheels.®? But having never

78 John Ellicott, F.R.S., the celebrated watch and clock maker, London,
was horn about the year 1700. The Horological Journal, vol. i. pp. 152—154,
mentions, that ‘ he married a Miss Saunderson, in 1726; " that ‘‘ he had a singu-
larly handsome countenance, conveying the idea of mingled intelligence and
firmness ; that he was elected a Fellow of the Royal Society in 1738; and that he
died suddenly in 1772, aged 72, having dropped from his chair and instantly ex-
pired. In addition to his English business, he had considerable dealings in Spain,
probably arising from his intimacy with a Spanish Envoy, fond of scientific pur-
suits.” He read several papers before the members of the Royal Society, and was
the author of the following works : — Essays toward discovering the Laws of
Electricity, 1748, 1s. Description of two methods by which the irregularities in
the motion of a Clock, arising from Heai and Cold on the Pendulum, may be
prevented, with a Collection of Papers on the same subject, Plates, 60 pages quarto,
3s. 6d.: London, 1753. Account of the influence which two Pendulum Clocks had
upon each other, Plates, 1s. 6d. Mr. Ellicott's shop is said to have been in Corn-
hill, London. His house was at Hackney, then a village, about 3 miles NE of
St. Paul's, now forming part of the great metropolis.

7 As Ferguson’s Astronomy is out of print, we give a reduced view of the
Trajectorium Lunarie, taken from the 7th Plate. The figure of the Trajectorium
on this plate is 12 inches in length.

80 The style was altered in 1752. We have two Almanacs of that date—viz.
‘“ Parker's Ephcmeris,” and the Almanac by Tycho Wing. Turning to Parker's
Almanac, and to September 3d we find a blank space, in which is inserted,
*“ The old style ends—the new style begins ;” and in Wing’s Almanac, on same
day, he says, *‘the old style ceases here;” and then the 3d September, 1752, in
both Almanacs, at one jump, was called the 14th Scptember, and as a matter of
course, Ferguson’s Rotulas would, in consequence, be ** rendcred quite uscless,”
as he expresses it, as it was put 11 days out of date.

8L These ‘‘ Stellar Rotulas" are now nearly unknown, having been out of print
for at least 80 years. We possess one ; it is 12 inches in diameter ; has 3 move-
able circles, on which are engraved the day of the month, signs of the zodiac,
hour and minute circles, &c., with an opening in the upper circle, in which is
seen the stars visible at London. This appears to have been published in 1753.
London : Price 5s. 6d.

82 This work has been out of print for upwards of a hundred years, and is now
exceedingly scarce. After many years’ search for a copy of it, we lately succeeded
in obtaining one. It is a small octavo pamphlet of 72 pages, and is in two sec-
tions. Its title-page runs thus : — .

‘¢ A Dissertation upon the Phenomena of the Harvest Moon ; also, the Description
and Use of a New Four-Wheeled Orrery, and an Essay upon the Moon's turning
round her own Axis, by James Ferguson. London: Printed for the Author, and
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had grammatical education, nor time to study the rules of just
composition, I acknowledge that I was afraid to put it to the
press; and for the same cause, I ought to have the same fears
stilL®® But having the pleasure to find that this, my first work,
was not ill received,* I was emboldened te go on in publishing
my Astronomy; Mechanical Lectures; Tables and Tracts rela-
tive to several Arts and Sciences; The Young Gentleman and
Lady’s Astronomy; a small Treatise on Electricity, and the
following sheets.® .
1748.—In the year 1748 I ventured to read lectures on the
eclipse of the sun that fell on the 14th of July in that year.’

sold by J. Nourse, at the Lamb, facing Katherine Street, and by S. Paterson,
at Shakespear's Head, opposite to Durham Yard, Booksellers, both in the Strand.
MDC(CXLVIL”

This small work was published in July, 1747. From an advertisement in a
London newspaper, of 1747, we find that the price of this work was 1s. 6d. (vide
Gentleman'’s Magazine for July, 1747, vol. 17, p. 348). There are 3 folding-plates
in it. The 1st, an exterior view of ‘‘ The Four-Wheeled Orrery ;" but no descrip-
tion of the wheel-work in the letterpress. (Probably Fe n made these orreries
at the time for sale and profit ; if so, the arrangement of the wheels, their numbers
of teeth, &c., would be esteemed ‘‘ private property.”) The other two folding-
plates illustrate the rotation of the moon on its axis. (See also note 84.)

Mr. John Nourse was one of Ferguson's earliest London friends. ‘* He was an
eminent Mathematician, and well skilled in the Newtonian Philosophy,” (vide
Memoir of William Emerson, pp. 11 and 12 in Smeaton’s Emerson’s Mechanics.)

8 To his want of a grammatical or classical education, he probably owes that
simplicity of language which Capel Lofft, Esq., so warmly eulogises in the
‘‘ Eudosia,” and which makes the subjects of which Ferguson treats so readily
understood—a quality in which many of our modern publications are deficient.

84 Ferguson here gives us to understand that the *‘ Dissertation upon the
Phenomena of the Harvest Moon " was his first work. It is most singular that
Ferguson should have called this his ‘¢ first work,” when, in the previous year,
1746, he published the following octavo work (in 42 pages)—viz.

¢ The use of a New Orrery, made and described by James Fergquson. London :
Printed for the Author. MDCCXLVI.”

This was his ‘* first work,” and has a large folding-plate of an orrery, apparently
the same as is used in the frontispiece of his Astronomy. This, his first work,
sold at 1s., and is now almost unknown. We had considerable difficulty in pro-
curing a copy of it. 'What makes it the more remarkable that Fe n should
designate his Dissertation upon the Phenomena of the Harvest Moon, &c., his
Jfirst work, is the fact of his alluding in the preface of this work to his first pub-
lication. In preface to the ‘“ Dissertation,” p. 5, he says, * Last year (1746) I pub-
lished a description of an orrery that I made,” &c.; thereby showing, that his
Dissertation was his second work.

85 The *‘following sheets” here referred to are his *‘ Select Mechanical Exer-
cises,” published in September, 1773, and to which his Memoir is prefixed. (See
note 1.)

86 According to our notes, it is evident that CHRrisT's HospITAL ScHoor,
NEWGATE STREET, LONDON, was at least one of the places where Ferguson de-
livered this, his first public lecture on Astronomy, and under the auspices of his
friend, - Mr. James H n, the then Mathematical Master. This t solar
eclipse took place on Thursday, 14th July 1748 (0.8.), and began at London at
9h. 8’ morning, and ended at 12h. 8 mid-day ; the time of greatest obscuration
being about 10h. 82/, at which time, about {gths of the u]ipet part of the sun’s
disc was obscured, leaving a slender cusp of the sun visible on the right hand

i
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Afterwards, I began to read Astronomical Lectures on an orrery
which I made, and of which the figures of all the wheel-work
are contained in the 6th and 7th Plates of this book.® I next
began to make an apparatus for lectures on mechanics, and
gradually increased the apparatus for other parts of Experimen-
tal Philosophy, buying from others what I could not make for
myself, till I brought it to its present state.®® I then entirely

" lower edge. Ferguson, in his ‘‘ Gentleman and Lady’s Astronomy,” Plate Tth,

ves a projection and description of this eclipse. In the Gentleman's Magazine
or July, 1748, there is a fine popular &rojectlon of this eclipse by Jos. Walker.

87 In *‘ This book'—viz. *‘ Select Mechanical Exercises,” we have a full and
minute description of this orrery, which is illustrated by two folding-plates
(Plates 6th and 7th). Plate 6th gives a ?'ound plan, or calliper of the wheels,
and Plate 7th, a sectionhl view of them. In note 71 we mention that Ferguson
generally adopted % x & x &% (fraction of Camus) for his annual train, which
gives a period of about 4 seconds too slow every year, for the length of the
year as adopted in Ferguson's time—viz. 365d. 5h. 48m. 55", and we there
show how such a period might have been measured by another simple train.
In this orrery we find the period of the moon’s nodes derived from wheels
s528 55 =09—566 =23 or % =18§ years, or 18 years 244 days, instead of 18
ears 224 days nearly, the true period. Instead of the above train of 59—56,
ad oue of 98—938 = 5,= ifiy = 18} been used, then a period of 18y. 218d. would
have been produced. The annexed table was compiled by our friend, the late Dr.
William Pearson, for Dr. Brewster’s Edinburgh Encyclopmdi& (Vide Edinburgh
Ency., article ‘‘ Planetary Machines,” p. 629).

TaE TRAINS OF FERGUSON'S ORRERY.

Motions. ‘Wheel-work. Periods.

Earth’s diurnal mnotion, P XY xE . . 365d. 5h. 48m. 58°78s.
A lunation, . . . . #]xe L. 29 12 45 0
Solar rotation, . . . PxeP . . . 25 6 35 36
Revolution of Venus, . WX XIF. . . | 224 10 47 8
Revolution of Mercury, g of Venus . . . 87 23 47 24

. Rotation of Venus, . . o5 of its revolution 24 22 381 8

| Moon'snode, . . . . 553%8 - - - - 18§ years.

! Earth’s parallelism, . 48 X 48 of a year.

}

88 Ferguson was an ingenious and clever practical mechanician. He con-
structed with his own hands, from his own designs, no less than eight orreries,
several astronomical clocks, various curious models and apparatus for illustrating
and demonstrating the principles of natural and experimental philosophy. He
had a room in his house (his sanctum sanctorum) fitted up with lathe, wheel-
cutting engine, vice, &c., in short, with all the tools used by clockmakers,
mathematical instrument makers, and opticians, &c. He spent much of his leisure
time in constructing and repairing models, and making curiosities. In his later
life he was assisted by Kenneth M‘Culloch, an ingenious Scotch mechanic ; and
who, in 1801, was engaged on the new Planetarium of the Royal Institution of
London (vide Brewster's Edin. Ency., article ‘‘ Plaxetary Machines,” page 636).




LIFE OF THE AUTHOR. 53

left off drawing pictures® and employed myself in the much
pleasanter business of reading lectures on Mechanics, Hydro-
statics, Hydraulics, Pneumatics, Electricity, and Astronomy ;®
in all which, my encouragement has been greater than [ could
have expected.®

The best machine I ever contrived is the ECLIPSAREON, of
which there is a figure in the 13th Plate of my Astronomy.® It
shows the time, quantity, duration, and progress of solar eclipses,
at all parts of the earth®® My next best contrivance is the
Universal Dialing Cylinder, of which there is a figure in the
8th Plate of the Supplement to my Mechanical Lectures.®

It is now thirty years since I came to London,* and during

89 When Fe n: notes he entirely lefl-off drawing pictures, he must refer to
the year 1760. He commenced taking likenesses as a profession, at Edinburgh in
1784, and he informs us that he {ollowed this profession for siz and twenty years,"”
which period, added to 1734, brings out the year 1760 as the year when he
abandoned the profession of limner.

90 Although it was not until 1760 that Ferguson abandoned the profession of
limner, yet he had on a t many occasions, for 12 years before this, delivered
Lectures on Astronomy, &c., in London and the provinces. In 1760 he laid aside
limning, and adopted and followed the profession of Lecturer on Astronomy and
the Sciences, in which profession he continued until within a few months of
his death, in 1776.

91 Ferguson devoted himself to the profession of Lecturer on Astronomy, &c..
in 1760.  Although he mentions that in this profession his * encouragement had
been greater thon he could have expected,” this success, however, is more applicable to
the ten or twelve years which preceded his death. He had a severe struggle until
17568, when he sold the copyright of his Astronomy for £300, whicl:fwe hima
standing. In 1762 his pecuniary circumstances were further improved, when the
King granted him an annuit; of £50. This made him a man of mark ; and in
1763, he was elected a frce Fellow of the Royal Society. He ever afterwards
maintained a high position, and ultimately amassed a considerable sum of money.
(Vide Appendix.)

92 This Eclipsareon Ferguson estimates highly, saying, it was his best con-
trivance. He appears to have invented it somewhere about the year 1753. It is
now only known in his Astronomy, Plate 13. It was sold at the sale of Fergu-
son's effects, in March 1777, to a Mr. James Ferguson, teacher of Navigation and
Astronomy, Hermitage Row, Tower Hill, London, at whose sale, in November
1802, it was again sold. Purchaser not known.

93 A short account of this Eclipsareon was read before the Royal Society in 1754.
In 1756, Ferguson published a pamphlet regarding it entitled, ‘¢ Description of a

iece of Mechanism for exhibiting the Time, Duration, and Quantity of Solar
lipses in all places of the Earth.” 1In the same years, he also sent short de-
scriptions of this machine to the London Magazines.

94 It is not now known when Ferguson contrived ‘‘ The Universal Dialing
Cylinder.” It, however, appears to have been invented about the year 1766. In
1767, Ferguson published his Supplement to his Lectures, octavo, pp. 68 ; with
numerous plates. A representation of the Cylinder is given in Plate 8th of the
Supplement, and pages 42 to 48 describe its construction and use. This is an
ingenious contrivance, which we prefer to the Eclipsareon. (See Gentleman’s
M:{azine for 1769, page 143.)

Ferguson wrote his Memoir in August and September, 1778. He came to
London end of May 1743 ; therefore, at the time he wrote his Memoir he had been
rather more than 30 years resident in London.
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all that time, I have met with the bighest instances of friend-
ship from all ranks of people, both in town and country, which
I do here acknowledge with the utmost respect and gratitude ; *
and particularly the goodness of our present gracious Sovereign,
who, out of his privy purse, allows me fifty pounds a-year, which
is regularly paid without any deduction.®’

98 Qur memoranda show, that besides King George III. bestowing a pension
on Ferguson, his Majest{ also frequently sent him presents, as a mark of esteem ;
as also did the several branches of the Royal Family. From the nobility and
gentry in various parts of the Kiugdom he received likewise substautial marks of
the estimation in which they held him.

97 On referring to * THE PrivyY PURSE AccounTs,” in the State Paper Office,
London, we find that this pension of *‘ fifty pounds a-year " was granted by King
George I11., to Mr. Ferguson, in the end of the year 1761, and that he drew the
ﬁ.rstriezlf of his pension—viz. £25, on January 22d, 1762 (the pension being pay-
able half-yearly). .
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JAMES FERGUSON.

1743.

FrraUsON LEAVES EDINBURGH FOR LONDON.—It is now not
certainly known what made Ferguson resolve to leave Edin-
burgh. He would, no doubt, see many obstacles in the way
to his attaining success in it. On looking around him he could
not fail to observe that its trade was in a very depressed state;
that there was then a scarcity of the “circulating medium;”
that an apathy had settled down on its inhabitants; and that
there was a consequent want of enterprise—a state of things,
he would find, that had arisen since the Union, owing, in a great
measure, to the large numbers of the nobility and gentry aban-
doning it for London. In short, Edinburgh, between the date
of the Union, in 1707, and the year 1750, passed through one
of the most depressed periods of its history—a period which has
been designated “ the dark age of Edinburgh.” It is therefore
evident that Edinburgh, in 1743, was not the place to give full
scope to Ferguson's genius, where he could expect to have suc-
cess in his self-taught business of limning, or as an occasional
writer on his favourite science of astronomy. We may also add,
that Ferguson, about a year previous to his leaving Edinburgh,
had set afloat in the London literary market there, two specula-
tions—viz. “ The Astronomical Rotula,” and an Astronomical
Curd-Dial. Of the success of the latter publication, nothing now
is known ; % but the former—the Rotula—was successful. It sold

98 We refer to this Dial in note 65; but as it now seems to be utterly unknown,
we will here give a more full description of it. The to of it contains
“* Scales of the signs,” and *‘ Scales of the days of the Mdi; * and under these,
there is an inverted triangular *‘Scale of Latitudes, from the 0 60 Degrees;"”
and directly under is the dial for the hours of the day. o top compartment
has engraved on it, within a sweeping concave-curve which bounds the top of this
dial, the words *‘ Forenoon hours,” ** Morning hours ; " and in a similar curve at
the bottom of it there are engraved, ** 4 fternoon hours,” *‘ Evening hours.” Along
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well in Edinburgh and other towns, but nowhere sowell as in Lon-
don. Thus, the Rotula became to Ferguson an “ avant couriere.”
His name being thus advertised in the great metropolis, would be
to him a matter of great importance, and, no doubt, would in due
time become one of his strongest inducements to remove to that
city. Besides, he had then no strong tie to bind him to Scotland.
His infirm parents had then recently died at advanced ages;
and therefore, in leaving, he would be spared the pain of bidding
them a last farewell® It would appear from our notes, that
Ferguson, early in the spring of 1743, after carefully consider-
ing all matters, and no doubt receiving the approbation of his
friends, finally made up his mind, and determined to leave
Edinburgh for London, the great seat of wealth, patronage, and
power—the most proper place for him; as there he would have
the greatest possible chance of meeting with success in his
contemplated pursuits.

Having now resolved to leave Edinburgh for London, he began
making preparations for his departure. He at once set about
finishing a beautiful little orrery with ivory wheels, of his own
invention, and which had been in hand for some time previous.
After completing its wheel-work, he enclosed it in a mahogany
box of twelve sides, having a short pillar rising from each angle
of the box, supporting a thin, broad, wooden circle,—the ecliptic
circle,—the surface of which he covered with paper, and then
neatly inscribed on it, with a pen, the names and days of the
month, the signs and degrees of the ecliptic, &. The wheel-
work was concealed from view by a thin circular plate, above
which, in the centre, was placed a gilded sun; the earth and
moon were ivory balls, which, along with the sun, were set
in motion by a winch communicating with the internal wheels.
When it was all completed, it had a very handsome appear-

the margin-border there is a *‘ Seale of Rectifying Signs for the Bead ;' and along
the margin-border on the right hand, there is a ‘‘ Seale of Altitudes, from the
horizon to the zenith.” In the lower left-hand corner there is engraved,  J. Fer-
guson, Delin.;” and in the lower corner on the right, ‘‘ R. Cooper, Sculp.”
After Fe m's death, in 1776, this Dial, among other things, came into the
hands of ?erguson’s youngest son, John, who, early in the present century, pre-
sented it to his relative, the late Miss Wilson, of Keith, who, in the year 1842,
kindly gifted it to us. This copy of the Dial in our possession is perhaps now
the only one in existence.

9 Fe n's parents were dead before the beginning of the year 1748, Their
ages at the time of their death cannot now be ascertained ; but a traditionary
account makes them *‘ to be at least 70 : "—it follows that they were born some-
where between the years 1670 and 1678.
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ance;'® he also finished, in pen and ink, a beautiful diagram of
the solar system, and several mechanical drawings, maps, &c.

After having got in his few outstanding debts arising from
his business as a limner, and the sums due to him on sales of
his Rotula, he found, on balancing his little accounts, that he
was in much better pecuniary circumstances than he had ever
been, which was principally owing to the sums he had received
from sales of the Rotula; and with the expectation that the
Rotula would still continue to sell well, especially in London,
he would leave Edinburgh in good spirits.

According to memoranda in our possession, Ferguson and his
- wife took their departure from Leith (the seaport of Edin-
burgh) 1! in a smack, for London, on Saturday, 21st May, 1748,
having on board, as luggage, a chest, and a few boxes, contain-
ing their little wardrobe, the orrery with ivory wheel-work, just
alluded to, and a large collection of Astronomical and Geogra-
phical Diagrams, Maps, Mechanical Plans, Rotulas, and Card-
Dials. The sailing distance between Leith and London is
about 500 miles. After a somewhat tedious voyage of seven
days, they arrived safe in London, on Friday, May 27th.!®
As Ferguson, on arriving in London, makes a new start in life,
we may note that his age was then 33, that of his wife 23, and
that they had been married four years (without family.)

FERGUSON IN LoNDON.—Shortly after his arrival in London,
Ferguson went to the Right Honourable Sir Stephen Poyntz, at
St. James's, and delivered into his hands the “ letter of recom-
mendation” he had received for him, from Mr. Baron Edlin, at
Edinburgh.!®® Sir Stephen received him with the greatest

100 As mentioned in note 70, this small elegant orrery is still to be seen at
Sandon Hall, Staffordshire, but now damaged by the fire which destroyed Sandon
Hall, on June 6th, 1848. ,

101 LEITH is situated on the Firth of Forth, at the distance of nearly 2 miles
NNE of Edinburgh. In Ferguson’s day it was a very small place. At the present
time, it is a large and flourishing sea-port, with a Kopulation of about 30,000.

102 During last century a passage between Leith and London was a very tedi-
ous affuir,—the Leith smacks, though built with a view to despatch, having, in
some extreme cases, occupied about three weeks in sailing from Leith to London
when southerly gales prevailed. Indeed, the voyage was considered by landsmen
an event, and so hazardous as to ‘suggest to prudent travellers the propriety of
making their wills before it was undertaken. The particulars as to date of Fer-
guson and his wife’s departure from Leith, 1 e, &c., were communicated to
us in 1831 by his youngest son, John Fergnsgﬁ,gaésq., Edinburgh.

103 We have not been able to ascertain whether or not the Right Honourable
Stephen Poyntz was a Knight or Baronet in 1743, at the period of Ferguson’s first
visit ; but in recording his death, the Gentleman’s Magazine, vol. xx. p. 570, says

H
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kindness. It was fortunate for Ferguson that, on his arrival in
London, he had been introduced to so good a man. Baron
Edlin’s letter, as a matter of course, would refer Sir Stephen to
the Astronomical Rotula, and the Card-Dial, then recently pub-
lished by Ferguson at Edinburgh, as also to his elegant little
Orrery with ivory wheels, then lately made by him; all which
would indicate a mind strongly inclined to astronomical pur-
suits. A conversation would ensue as to his prospects, and how
they could be promoted. Ferguson would mention to Sir
Stephen that he had followed his self-taught business of lim-
ning for the last ten years, that he had got tired of it, and had
a strong wish to be employed in some vocation connected with
his favourite sciences of Astronomy and Geography, such as
that of a public lecturer on Astronomy, and private teacher of
Geography and the Use of the Globes. In such professions,
there were already in London by far too many—the supply
greatly exceeded the demand; and consequently, such gave
little promise of being successful!® Sir Stephen being well
aware of this, would suggest to Ferguson a situation in which he
could teach the sciences of Astronomy and Geography, and thus
in receipt of a fixed salary, and where his mind would be set at
rest regarding the future. On talking over such matters, mathe-
matics would be alluded to, when Ferguson would have to admit
that he had never studied this important branch. This would
tend to disconcert Sir Stephen, because mathematics being the
basis on which those sciences rested, it would be necessary for
Ferguson at once to learn it, as, without a competent knowledge
of the mathematics, a situation in no scientific academy would
be open to him. Sir Stephen would probably say so to Ferguson
at parting; and also, that he would think the matter over, and
do what he could to get over this difficulty.

Sir Stephen accordingly made immediate inquiries regarding
mathematical tutors, and was not long in finding out an academy
which would soon be in want of a mathematical master, and secur-

“ The Right Honourable Sir Stephen Poyntz, formerly preceptor to the Duke of
Cumberland, and a Privy Counsellor, died on December 17th, 1750.”

104 Even down to 1758, London appears to have been well supplied with pro-
fessors of such branches. 1In a letter written by Ferfuson to the Kev. Alexander
Irvine, one of the ministers of Elgin, in the north of Scotland, and of date, Lon-
don, 17th January, 1758, he informs his reverend friend that ‘‘ as to astronomy,
there are at present more than double the number that might serve the place, people's
taste lying but very little in that way.” (See Letter by Ferguson, under date 1758.)
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ing the situation for Ferguson. He next wrote “to an eminent
Professor of Mathematics to take Ferguson imto his house, to
give him board and lodging, with all proper imstructions to
qualify him for teaching a Mathematical School.” The Mathe-
matical Professor, in his reply to Sir Stephen, requests that
Ferguson be sent immediately to him. Sir Stephen sends for
Ferguson, and informs him, that he had just received a letter
from his friend, the Professor of Mathematics, and that he had
agreed to take him into his house, give him board and lodgings,
and proper instruction to qualify him for the Mathematical
Mastership of the School, which would soon be vacant. Fergu-
son is very grateful to Sir Stephen for his great kindness, but
feels much perplexed, and is now to give utterance to a few
.words that will frustrate all Sir Stephen’s kind endeavours
in his behalf. Ferguson told Sir Stephen that he “did not
know how he was to maintain his wife during the time he
would require to be under the master’s tuition.” Wife! “are
you a married man?” asked Sir Stephen in astonishment. Fer-
guson told him “he had been so ever since May 1739.” Sir
Stephen said he was sorry for it, because it quite defeated his
scheme, as the master of the school he had in view for him must
be a bachelor.!®® Thus ended “the mathematical master scheme,”’
and with it, all hopes of Ferguson obtaining a permanent situ-
ation in that direction.

We are inclined to think that Ferguson never would have

gained a name, or succeeded as a mathematical tutor. His was

not & mathematical but a purely mechanical mind, developing
itself in mechanical inventions, and in the construction of orrer-
ies, cometariums, astronomical clocks, sun-dials, &c. To his
latest day he did not understand Euclid; his constant method
to satisfy himself of the truth of any problem, was by measurement
with a scale and pair of compasses.'®® Being thus disappointed

105 It has before been remarked as singular, that Ferguson did not take his
wife's maintenance into consideration at the first interview, and thus have saved
Sir Stephen much trouble, Probably at his first interview he might have formed
an idea from what was then said, that a few weeks would likely suffice for being
under the professor’s tuition ; or, at all events, to enable him afterwards to instruct
himself ; and in that case, his funds on hand would enable him to tide over the
time required. If, on his second visit to Sir Stephen, he was told that he would
require to be a few months under the professor’s tuition, he would feel uneasy, and
think of his finances. (See note 73).

108 Professor Dugald Btewart observes of Ferguson :—*‘ I remember distinctly to
have heard him say that he more than once attempted to study the elements of Euclid,
but found himself quite unable to entertain that species of reasoning. The second pro-
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of becoming a mathematical tutor, he would likely account it
a misfortune ; but there can be no doubt, that ultimately, the
disappointment was to him a great gain, as in process of time,
he became a Lecturer on Natural and Experimental Philosophy,
of world-wide renown ; also, the author of a great many popular
books, tracts, and papers on Astronomy, Mechanics, Electricity,

position of the first book he mentioned particularly as one of his stumbling blocks at
the very outsel ; the circuitous  process by which Euclid set about an operation, which
never could puzzle for a st ¢ any man who had seen a pair of compasses,
appearing to 0 him altogd)wr capricious and ludicrous. He added, at the same time,
that as there were various geometrical theorems, of which he had daily occasion to
‘make use, he had satisfied hzmulf of their truth either by means of his COMPASSES
and SCALE, or by some nl conlri of his own invention. Of one of
these, I have still a perfect recollection—his hanical or experimental d
stration of the 4Tth proposition of Euclid's first book, by cutting a card so as to
afford an ocular proof that the squares of the two sides actually filled the same space
with the square of the hypothenuse.” nd. Mech. Mag., vol. 6th, p. 110.

The annexed re represents Fergnson's dissected card for a mechanical de-
monstration of the 47th prop. Euclid, 1st book—viz. ‘‘ In any right-angled
triangle, the square described wupon the side subltending the right angle, 1s equal to
the squares described wpon the two sides containing the right angle.”

If ¢ the squares described upon the two sides™ are cut as in the annexed figure,
then placed upon ** the square subtending the right angle,” they will exactly cover
the surface of this square. The dissections are numbered 1, 2, 8, 4, and 5 in
the two squares above. If these were cut out in card, wood, or metal, and placed
on the corresponding ﬁgures in the large square below, they would exactly fill it

up—be equal to it; and of course, were the dissections in the two squares above
weighed in scales, thev would be equal in weight to the large square below.

Card used by Ferguson to demonstrate 47 Prop. Euclid, Book 1st.

This figure of Euclid’s, prop. 47, Book 1st, is to be found in ‘“HARRIs's LEXICON
TecHNICTM,” a work, it will be remembered, that Ferguson perused in the library
of William Bau'd Esq of Auchmedden, in the summer of the year 1733.
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Perspective, &c; and, at his death, left a considerable funded
property.!®

Ferguson being thus disappointed, and again thrown on his
own resources, Sir Stephen asked him what business he intend-
ed to follow. Ferguson answered “ that he knew of none besides
that of drawing pictures!® On this, Sir Stephen requested
him to draw the pictures of his lady and children, that he
might show them, in order to recommend him to others; and
told him, that when he was out of business to come to him, and
he would get as much as he could for him. Ferguson adds,
“and I soon found as much as I could execute, but he died in
a few years after, to my inexpressible grief.1°

Although Ferguson had resumed his business of “ drawing
pictures,” his heart was not in it. His mind, he says, “ was still
pursuing things more agreeable,” that is, “things astronomsi-
cal,” and wished very much to abandon, if possible, the profes-
sion. This he could not do all at once, but resolved to do so by
degrees. As a first step towards this desirable object, he deter-
mined on getting up, during his leisure hours, an astronomical
apparatus for public lectures, and private tuition on Astronomy;
and thus, by adding to his business of limner, that of lecturer,
&c. on Astronomy, he would anticipate a considerable increase
to his income, and leave time to determine which of the two
professions would ultimately be most conducive to his pecuniary
benefit. With these two professions, that of limner and lecturer
on Astronomy, &c., Ferguson had a somewhat severe struggle for
a living in London, for nearly 17 years—viz. from 1748 to 1760,
in which latter year he entirely relinquished his old business of
limner, and depended on that of lecturer on Astronomy, &c.,
which he successfully followed from 1760 till near the period of
his death, in 1776.

Abhout the end of the year 1743, Ferguson sold his orrery

197 During the 33 years of Ferguson's residence in London (1743—1776), he,
as far as is now known, was the anthor and publisher of 7 volumes, 15 tracts,
and 23 Eapers, on Astronomy, Mechanics, &e.

108 Shortly after Ferguson’s death, in November 1776, several London news-

papers had paragraphs, mentionin, that he had left ahout £6,000; but the money
and property he left, as mentioned in his Wi, falls consxderably short of this
sum. (See Ferguson szLL in the Appendix).

109 ¢ Drawing pictures” is the Scotticism for drawing likenesses—more pro-
perly, taking likenesses.

1o Sir btephen Poyntz lived 7§ years after the time here referred to—viz. June
1743. He died 17th December 1750,
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with ivory wheel-work, to Sir Dudley Ryder (afterwards Lord
Chancellor of England). It has been conjectured that Fergu-
son was introduced to Sir Dudley by the Right Honourable Sir
Stephen Poyntz, his friend and patron. We have not been able
to ascertain the price at which this orrery was sold. As men-
tioned in note 70, this orrery is now in the possession of the
Right Honourable the Earl of Harrowby, at Sandon Hall, in
Staffordshire, the descendant of Sir Dudley Ryder. It was
much damaged by the fire which destroyed Sandon Hall, in
June, 1848, as already mentioned.

1744.

THE ORRERY.—Early in the year 1744, Ferguson commenced
getting up an apparatus for public lectures on Astronomy, and
for private tuition in Geography, agreeably to his resolve of the
previous year. Being now without an orrery, he determined to
make a large one, much Jarger than either of the two he had
made, as the first and most desirable piece of machinery for his
purpose to begin with. With this view, he laid down on paper,
a plan and section of wheel-work for a wooden orrery, to show the
motion of the Sun on its inclined axis; the revolution of Mer-
cury round the sun; the revolution of Venus, and rotation on
an inclined axis; the revolution of the Earth round the sun,
the diurnal rotation on its inclined axis, the parallelism of its
axis, and consequently, the alternate succession and different
lengths of days and nights throughout the year, and the varied
change of seasons; the synodic and periodic revolutions of the
Moon round the earth; the retrograde motion of the nodes of
its orbit, and therefore, all the eclipses of the sun and moon.
At this point in the solar system, Ferguson made a stop,—all
the then known superior planets, Mars, Jupiter, and Saturn,
being omitted in his arrangements. After getting his orrery
plans, and wheel-work calculations completed to his satisfaction,
it would appear that he took them to an ingenious turner in
wood and metals, with whom he was intimate, and employed
him to make it," Ferguson promising to attend to the making

111 This orrery was the basis of all Ferguson’s future orreries, both as regards
the prime movers of his wheel-work, and external appearance. In his Memoir,
he informs us that he had made siz orreries since the two he had made in Scot-
land, and that ‘¢ there are not any two of them in which the wheel-work is alike.”
This seems to apply to modifications of the wheel-work only.—It would appear
from our memoranda, as well as from a notice in Ferguson’s *Tables and *
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of it, and lend a hand when necessary. The making of this
orrery appears to have been a tedious affair, partly, no doubt,
occasioned by Ferguson being compelled to attend to his limning
engagements for a livelihood during the time of its construction,
which appears to have occupied little intervals of time, during
a period of eighteen months. This being the case, we shall here
make a digression, and refer to it again when it is finished—
viz. end of the year 17435, and fill up the interval with notices of
incidents as they occurred.

THE MOON’S CONCAVE PATH AND TRAJECTORIUM LUNARE. —
According to our memoranda, it was towards the end of the
year 1744, when to Ferguson it appeared, that although the
moon goes round the earth, and that the sun is far on the out-
side of the moon’s orbit, yet the moon’s motion must be in a
line that is always concave toward the sun, and wpon making
a delineation representing her absolute path in the heavens,
Jound it to be really so.” Ferguson, in his “ ESSAY UPON THE
MoON'S TURNING ROUND HER AXIS,” page 62 (published in
1747), informs us, that “in discoursing formerly with some
gentlemen, I found that they imagined the moon’s progressive
path made knots or loops once in every lunation, as shown at A
and B, in fig. 1 of the annexed diagram; in which case, as seen

Fig. 1.

Form of the Moon's Path, as supposed by many Scientific men previous to 1744,

from the sun, she would appear stationary at S, retrograde at R,
and in all the rest of her path direct. “This,” says Ferguson,
“ excited my curiosity to draw a representation of her true ab-
solute path, by means of a simple machine,” which he contrived

p. 167, whilst treating of this orrery, that he ‘‘ got a good workman to make an
orrery under my inspection " (the present orrery):—he adds, that * the man who
made this orrery had never made anything of the kind before, and he is now dead.
An ingenious and worthy lady has it now in her possession, whose father was one
of my first and best friends in London.” After this orrery of 1744-45, Ferguson
either made or caused to be made under his inspection, five other orreries, which
will be found noticed under the dates when they were made. The ** ingenious
and worthy lady " here alluded to by Ferguson is understood to be a daughter of
the Right Honourable Sir Stephen Poyntz.
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and made —viz. “ THE TRAJECTORIUM LUNARE”  This
machine produced a curve, as is shown in fig. 2:— this
curve “ shows plainly that the moon can no more appear either
stationary or retrograde as seen from the sun, than as seen

Fig. 2.

Ferguson’s Trajectory of the Moon’s Path.—Published 26th June, 1745.
- Scale, yyth of the original.

from the earth; for her progress is every day at least 880,000
miles more than the whole diameter of her orbit; and as her
absolute motion is always concave to the sun, as her relative
motion is to the earth, the broadest curve-line from N M to N M
represents as much of the ecliptic as the earth describes from
any particular new moon to the next following; and the nar-
rowest curve-line, where bounded by the same letters, represents
the moon’s absolute path during that time, which is concave to
the sun, even at the time of new moon. The small dotted circles
is intended to represent the moon’s imaginary orbit in propor-
tion to the earth’s annual path, as the said orbit is carried along
with the earth round the sun. N M signifies new moon, 1Q
first quarter, F M full moon, 3 Q third quarter. The right lines
crossing these curves, if continued inward, would all meet in the
centre of the earth’s annual path, or in the sun.” In the dia-
gram, the proportion of the curves and orbits are too large—such
cannot be accurately delineated on a small scale. For a true
projection, we must refer the reader to Ferguson's “ Essay upoN
THE MOON TURNING ROUND HER OWN AXIs,” Plate 2d, p. 62;
and also to Plate 7th of Ferguson’s Astronomy.!?

112 Let us suppose, as an illustration, that our earth has no revolution round
the sun. In that case, the moon’s path round the earth (if it could then revolve)
would be in a circular orbit nearly ; but as our earth revolves round the sun, and
is followed by the moon, a compound moticn is given to the moon that destroys
a circular revolution, and in its stead, produces a curve which sweeps alternate-
ly within and without the earth’s orbit (see Lunar Orbit as generated by the
Trajectorium Lunare, in the annexed diagram, and also in Ferguson's Astronomy,
Plate 7th). Suppose a coach wheel to be placed close to a wall, and having

a nail projecting from its rim near the circumference ; lift the wheel frec from
the ground, let the nail touch the wall, then turn the wheel round, and the nail
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Thus we find that this, the first of Ferguson’s important dis-
coveries in Astronomy (and which added much to his reputation),
was suggested to his mind during a conversation he had with some
gentlemen on the form of the moon’s orbit, they maintaining
that the absolute path, if projected, would form a series of loop-
curves, while Ferguson suspected, what afterwards turned out to
be correct, viz. that “the moon’s path was always concave to-
ward the sun.”

The following is the description of this the Trajectorium
Lunare, from Ferguson’s Astronomy.

“ This machine is for delineating the paths of the earth and
moon, showing what sort of curves they make in the ethereal
regions. S is the sun, and E the earth, whose centres are 81
inches distant from each other,)'® every inch answering to a
million of miles. M is the moon, whose centre is f% parts of
an inch from the earth’s, in this machine, this being in just pro-
portion to the moon’s distance from the earth.™ AA is a bar
of wood to be moved by hand round the axis g, which is fixed
in the wheel Y. The circumference of this wheel is to the cir-
cumference of the small wheel L (below the other end of the

Perguson’s Trajectorium Lunare.
(Section.)

will describe a circle on the wall ; this done, let the wheel rest again on the ground
with the nail touching the wall, roll the wheel forward, and the nail, instead of
describing a circle, will now describe a cycloid. In the first case, the wheel had
one motion only, in the second it had two, one round its axis, and another in a
rectilinear direction, and hence the difference of the curves generated on the wall;
If in the last case, the wheel had gone forward in the arc of a circle, instead of in a
straight line, the nail would have generated a curve similar to that of the true
puth of the moon in absolute space.

113 At the time Ferguson made this machine, and wrote an account of it, the
distance of the sun from the earth was estimated at 81,000,000 miles. In con-
structing a similar machine for the present day, it must be recollected that by the
transits of Venus over the sun's disc, in years 1761 and 1769, it is found that the
mean distance of the sun from the earth is 95,000,000 miles (in round numbers);
and therefore, the centres of the sun and earth in the machine must be 95 inches
apart.

pl“ The parts of an inch, the distance of.the centres of the earth and moon
in the machine may still be taken, as it will produce no sensible error.

1
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bar), as 365} days is to 294, or as a year is to a lunation. The
wheels are grooved round their edges, and in the grooves is the
cat-gut string G G crossing between the wheels at X. On the
axis of the wheel L is the index F, in which is the moon’s axis
M for carrying her round the earth E (fixed on the axis of the
wheel L) in the time that the index goes round a circle of 294
equal parts, which are the days of the moon’s age. The wheel
Y has the months and days of the year all round its limb; and
the bar A A is fixed to the index I, which points out the days of
the months answering to the days of the moon’s age, shown by
the index F in the circle of 294 equal parts at the other end
of the bar. On the axis of the wheel L is put the piece D,
below the cock ¢, in which this axis turns round; and in D are
put the pencils ¢ and m, directly under the earth E and moon
M, so that m is carried round ¢, as M is round E.

“Lay the machine on an even floor, pressing gently on the
wheel Y to cause its spiked feet to enter a little into the floor
to secure the wheel from turning. Then lay a paper about four
feet long, and the pencils e and m, cross-wise to the bar; which
done, move the bar slowly round the axis g of the wheel Y,
and as the earth E goes round the sun S, the moon M will
go round the earth with a duly proportioned velocity; and
the friction-wheel W running on the floor will keep the bar
from bearing too heavily on the pencils ¢ and m, which will
delineate the paths of the earth and moon, as already described.
As the index I points out the days of the months, the index F
shows the moon’s age on these days, in the circle of 294 equal
parts; and as this last index points to the different days in its
circle, the like numerical figures may be set to those parts of
the curves of the earth’s path and moon’s, where the pencils ¢
and o are at those times respectively, to show the places of the
earth and moon. If the pencil e be pushed a very little off, as
if from the pencil m, to about ), part of the distance, and the

" pencil m pushed as.much towards e, to bring them to the same
distances again, though not to the same points of space; then
as m goes round e, e will go as it were round the centre of
gravity, between the earth e and moon m ; but this motion will
not sensibly alter the figure of the earth’s path or the moon’s.!'®

115 In note 75, we made a few remarks on the ** Trajectorium Lunare,” which
show that the merit of the invention was disputed, and that Ferguson had becn
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“If a pin as p be put through the pencil m -with its head
towards that of the pin ¢, in the pencil ¢, its head will always
keep thereto as m goes round ¢, or as the same side of the moon
is still obverted to the earth. But the pin p, which mdy be
considered as an equatorial diameter of the moon, will turn
quite round the point m, making all possible angles with the
line of its progress, or line of the moon’s path. This is an
ocular proof of the moon’s turning round her axis” (Vide
Ferguson’s Astronomy, article 403).

SEASONS’ ILLUSTRATOR.—It would appear from our memor-
anda, that it was towards the end of this year, 1744, that Fer-
guson invented and first used his celebrated simple Season
Illustrator, and which has ever since been used by lecturers on

charged with having ‘‘ pirated ” it from the *‘ Gentleman’s Magazine,” as the
following letter from Ferguson, to the Rev. Mr. Birch, will show.

‘“ LoNpoN, 12th Decr. 1752,
“REV. SIR,
‘ The instrument (the Trajectorium Lunare) was shown to the
Royal Society in the year 1745, and a painted scheme of the moon’s path, taken
from a drawing made by it, was presented to the said Society the same year, being
ublished at the desire of the late worthy President, Mr. Folkes, Last summer
ve a draught of the wheel-work of my orrery (in which Venus moves
as described by Signior Bianchini), together with a scheme of the Moon's con-
cave path, and a bfa:lck-lend sketch of the instrument above described, for drawing
her path, to Mr. Hawkes, of Norwich, tho in his account published in the Gent.
Mag. for this month (Decr. 1752), he has not thought proper to mention it. I
am of opinion that altho’ that instrument performs well enough by itself, yet it
will not be found, however varied from the original plan, to answer so well when
put to an orrery; besides, it seems g)l:in to me that he never tried it before he
published his account, for if it should he done according to the figure he has given,
the moon must go the wrong way round the earth in his orrery to make the pencil
. which describes her path in the instrument added to it, go the right way round
the pencil which describes the annual path of the earth.

] know it has been insinuated that I pirated this machine (the Trajectorium
Lunarie) from a Magazine published some years before my scheme of the moon’s
path was printed. But I am ready and willing to declare, in the most solemn
manner, that I never saw that Magnzine, nor heard of any such thing being in it
until last summer, when it was handed about by a certain person, with an
intent to do me all the prejudice that la{) in his power. But the figure of the
moon'’s path in that Magazine, instead of being always concave to the sun, turns
off from it in a sharp angle at every new moon,—the paths in different lunations
appearing like so many segments of lesser circles joined together at their ends,
with their angular points all turned towards one common centre where the sun is
supposed to be placed.

¢ My Scheme of the Moon's Path, on large paper, is sold by Mr. Senex, at the
Globe, opposite St. Dunstan’s Church, Fleet Street, Price 1s. 6d.

Your faithful servant,
JAMES FERGUSON."”

Copied from the Birch collection of Letters in the British Museum, by Mr. A.
Burt, copyist.
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Astronomy. We annex a view of it. It will be seen that the
apparatus consists of two large hoops, the one fitting within the
other, and moveable on two pivot-pins, at points directly oppo-
site to each other. These hoops are either supported on two
pillars, or held in hands, while a second party, by means of

Ferguson's Season Illustrator.

a strong thread, leads a ball or globe gradually round the inside
hoop, and if the ball or globe has the thread by which it is sus-
pended twisted in a direction from east to west, it will untwist,
and make the globe rotate from west to east, showing thereby
the cause of day and night ; and by elevating the interior hoop to
an angle of 234 degrees, with the exterior hoop, which represents
the ecliptic, and is kept in a horizontal position, the hoop so ele-
vated will show the path or orbit of the earth. These hoops being
taken to a table on which a lighted candle is standing, place them
around the candle—as in the figure—so that the flame may be in
the centre of the hoops, and on a level with the horizontal hoop
representing the ecliptic; all this done, twist the thread by
which the small globe is suspended in a direction from east to
west, and allow it to untwist itself while you lead it and the
globe slowly round the elevated hoop, in a direction from west
to east, and you will see illustrated, in a very familiar and
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agreeable manner, the rotation of our earth on its axis in the
proper direction, from west to east; and if the globe, whilst thus
rotating, be gradually carried round the inside of the inclined
hoop, the alternate succession and different lengths of days and
nights throughout the year will,be made evident to sight, as also
the varied change of the seasons, Spring, Summer, Autumn, and
Winter. Referring to the annexed engraving, the letter A indi-
cates the position of the earth at the vernal equinoz, 21st March.
The centre of globe being on a level with the candle flame
(which represents the sun), will be enlightened from pole to pole,
same as the globe is when in the opposite position, thereby causing
equal day and night all over the world. The letter B shows the
position of the earth at the summer solstice, 21st June. Here
it will be observed that the small globe is considerably under
the flame of the candle, so much so, that its light proceeds to a
point 234 degrees beyond the north pole, enlightening the whole
arctic circle and thereby causing any given point north of the
equator of the globe to continue longer in the light than in the
darkness, thus giving the longest day, mid-summer, to the
northern surface of the earth. The lower part of the globe in
this position will be found in darkness. The light from the
candle falls short of the south pole by 234 degrees, quite the
reverse at the north pole; thus causing mid-winter to all the
surface of the earth to the south of the equator. The letter C
shows the place of the earth at the autummnal equinoz, 23d
September. Again, as in the opposite position on 21st March,
the candle flame enlightens the globe from pole to pole, causing
equal day and night over the world ; and lastly, the letter D in-
dicates the earth’s position at the winter solstice, 23d Decem-
ber. Here the light from the candle does not reach the north
pole, but falls 234 degrees short of it, just as many degrees as
the light went beyond this pole in the opposite position; but
whilst the light falls short of the north pole, it penetrates 23}
degrees beyond the south pole; thus causing mid-winter to the
northern parts of the earth, and mid-summer to southern hemi-
sphere. Thus at a cost of a few pence, a simple apparatus may
be constructed to illustrate the two-fold motion of the earth—the
alternate succession of day and night—with their various lengths,
and the change of the seasons, in a way little inferior to that
shown in complicated orreries, or other astronomical machinery.
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An engraving, similar to the one we here give, will be found in
Ferguson’s Astronomy, Plate 4th, figure 3d.1'¢

1745.

THE TRAJECTORIUM LUNARE — MARTIN FoLkEs, Esq., and
the ROYAL SoCIETY.—According to our memoranda, some time
during the month of February 1745, Ferguson took his recently
invented “ Trajectorium Lunare, and the delineation it had
made, to Martin Folkes, Esq., the then President of the Royal
Society, on a Thursday afternoon.”' who expressed great
satisfaction at seeing it, and was convinced that it was a new
discovery. He took Ferguson with him, the same evening, to a
meeting of the Royal Society, and got him to exhibit his
machine to the members, and to show how the delineation was
projected. At the close of the meeting, one of the members
invited Ferguson to dine with him on next Saturday, at Hackney,
mentioning that his name was Ellicott, and that he was a
watchmaker.® Vide Ferguson’s own Memoir, p. 49.

116 Bonnyecastle, in his Astronomy, has an engraving of this simple apparatus,
tmproved, he says, but we can discern no difference il:iis engraving of the figure
from that of Ferguson, excepting in this, the bottom of the candlestick is round
and stands on a square table instead of a round one. (See-Bonnycastle’s Astron-
omy.)

117 It may to many appear remarkable that Ferguson, in 1773, when he wrote
his Memoir, should have been able to remember the very day of the week that he
went to the Royal Society meeting with this instrument. He went to the meet-
ing on a Thursday afternoon, he says'; but as the Royal Sccicty meetings were
then always held, and we believe, still continue to be held on a Thursday, it
would therefore, in this case, require no effort of the memory to recollect the day.
(Vide also note 77).

118 The writer of the short Memoir of “Jou~ Ervicort, F.R.S.” in ¢ The
Horological Journal,” mentions, that ‘* Mr. Ellicott frequently introduced fricnds
to the jety, among others, Dolland, Smeaton, and Perguson.” This, as regards
Ferguson, is a mistake. Ferguson in his Memoir tells us that he went to Martin
Folkes, Esq., the President of the Society, and that the President introduced
him to the Society, in order that he might show and explain his Trajectorium
Lunare, and the delineation it had made, to the members; on which occasion,
Ferguson und Ellicott appear to have been utter strangers, for Mr. Ellicott, at
the close of the said meeting, had to mention to Ferguson that his ‘‘ name was
Ellicolt, and that ke was a watchmaker.” 'This writer makes another mistake
—he says, ** Ellicott who was present,” when Ferguson showed his machine
to the Society, *‘stated that he had invented and constructed a similar machine
many years beforc. Ferguson doubting the truth of this assertion, Ellicott
snvited him to dine at his house at Hackney, and there produced evidence which
confirmed his statement,” &c. It will be observed that this writer does not inform
us of the source whence he learned that Ferguson ** doubted the truth of Elli-
colt's assertion.” If Ellicott made ‘* the statcment,” as this writer suys he did, it
is singular Ferguson does not tell us of it in his Memoir. Again, suq hosing
*¢ the statement” to have been made, we scarcely think that Ferguson would have
doubted the truth of *{the statement,” —we can imuiine in such a case, that Fer-
guson would express his surprise, a very different thing from doubting a man's

—_——
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“Accordingly,” says Ferguson in his own Memoir, “ I went to
Hackney, and was kindly received by Mr. John Ellicott, who then
showed me the very same kind of delineation, and part of the
machine by which he had done it, telling me that he had thought
of it twenty years before—viz. in 1725: I could easily see by the
colour of the paper, and of the ink-lines wpon it, that it must
have been done many years before I saw it. He then told me,
what was very certain, that he had neither stolen the thought
Jrom me nor had I from him.” Although Ferguson was there-
fore not the first who had discovered that “ the path of the moon
was always concave to the sun,” yet he had undoubtedly all the
merit of an original discoverer.

THE MooN’s CoNCAVE PATH, BY FERGUSON, ENGRAVED AND
PuBLISHED.—As mentioned in note 75, Ferguson, at the sugges-
tion of Martin Folkes, Esq., and other members of the Royal So-

“ciety, resolved to publish his delineation of the moon’s concave
path.'® He made out a new projection on a sheet of paper 343
inches in length, by 6} inches in breadth, giving the absolute
motion for a space of 32 days, with a neatly-written explanatory
description above and below the delineation, with a dedication to
Martin Folkes, Esq., thus:—*“ To MARTIN FoLKES, EsqQ., PREsI-
DENT OF THE ROYAL SoCIETY, THIS PLATE IS DEDICATED, BY HIS
MOST HUMBLE SERVANT, JAMES FERGUSON. PUBLISHED JUNE
26TH, 1745, ACCORDING TO ACT OF PARLIAMENT.” This plate was
engraved by J. BICKHAM, and was sold by Mr. Senex, at the sign
of the Globe, opposite to St. Dunstan’s Church, Fleet Street, Lon-
don. Price 1s. 6d. (See note 75.)'* It is now not known how this

word ; in short, since Ferguson makes no mention in his Memoir that Ellicott
made such “‘ a statement,” we are inclined to conclude that no such statement was
made. Then, to give Ferguson a surprise, he invites him to dine at his house,
and then and there shows him, no doubt to his very great surprise, the same sort
of delineation as his own, of the Lunar Orbit, and part of the machine by which it
had been projected. - As previously mentioned (note 78), Mr. Ellicott, in 1772
dropped suddenly from his chair, and instantly expired. (See Horological Jour-
nal, vol. 1., pp. 152-154, Memoir of John Ellicott, F.R.S8.

119 Ferguson, in a letter to the Rev. Dr. Birch, London, of date 12th Decem-
ber 1752, says, *‘ The instrument was shown to the Royal Society in the year 1745,
and @ printed scheme of the moon's path, taken from a drawing made by it, was
presented to the said Society the same year, being published at the desire of the late
worthy President, Mr. Polkes.” «(See note 115).

120 [n same letter to the Rev. Dr. Birch, Secretary, Royal Society, of date 12th
December 1752, he says, ** My scheme of the moon's path, on a large sheet of paper,
1s sold by Mr. Senex, al the sign of the Globe, opposite St. Dunstan's Church, Plect
Street, Pricc 1s. 6d.” (See letter in the Appendix).
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sheet sold. It has been vut of print for upwards of a century.
Our fac-simile of the engraving was taken from the copy in the
British Museum, by Mr. Augustus Burt, London; the Museum
number and mark on which, is, No. 5§ f. 7.—On the back of the
title- page of Ferguson’s first work, a tract, entitled, “ THE Usg
OF A NEW ORRERY " (published about August 1746), we find
the following advertisement of this engraved sheet of the Moon’s
Path:—

‘A Delineation of the Moon's Real Path in the Heavens, showing that
her progressive motion is always concave, both to the Earth within her
orbit, and to the Sun on the outside thereof. Price One Shilling and
Sixpence.” Vide Ferguson's Tract, entitled, *‘ The Use of a New Orrery,"”
1746 —Afly leaf.

AGNES FERGUSON born.—To Ferguson, the great event of the
year 1745 occurred on August 29th. On this day, his first child
was born—a daughter—and shortly afterwards was baptized
Agmnes. On one of the fly leaves of a small pocket Bible which
belonged to the Ferguson family, we find the following entry in
Ferguson’s autograph: 1!

‘“ AoNE8, born, Thursday, 29th Augt. 1745.”

To kecp events in harmony with the order of time in which
they occurred, we must refer the reader to date 1763, where
will be found an account of the “mysterious disappearance”
and subsequent life of this unfortunate lady, which, previous to
our recent researches regarding her, had been recorded as “a
mystery which never would in time be unravelled”

THE ORRERY.—About the end of this year (1745), Ferguson
got the large wooden orrery finished, which, early in the preced-
ing year, he, and a turner in wood, &c., had commenced to make.
In the Tract which Ferguson shortly afterwards published re-
garding it, he says nothing about the wheel-work numbers
which produced its various motions; but from the account he
gives of it in said tract, it showed, with considerable exactness,
the following motions and general phenomena, viz.:—The mo-

121 This Bible is still in good condition, and is at present the property of
Doctor James George, of Keith, in Banffshire, who kindly allowed our esteemed
friend, Mr. Robert Sim (of same place), to take a copy for us of the writings on its
several fly-leaves, all which shall be noticed in the order of time to which they
refer, as also in our addenda. This Bible is 74 inches long, 4} inclies broad, and
2} inches thick ; and at foot of the title-page is ‘‘ London: Printed by Thomas

Baskett, printer to the King’s Most Excellent Majesty, and by the assigns of
Robert Baskett, M.DCC.LVIL.’
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tion of the sun from west to east on an inclined axis, (in the
centre of the machine) and thereby, the motion of i the solar
spots; the revolution of the planet Mercury; the revolution of
Venus, and her diurnal rotation on an inclined axis, which
preserves its parallelism during its annual course ; thus exhibit-

Perguson's Orrery.

ing her different length of days and nights; her change of sea-
sons; and her progressive, stationary, and retrogressive aspects as
seen from the earth.—Also. the revolution of the earth round
the sun, and its diurnal rotation on an inclined axis, which pre-
served its parallelism during its course, consequently, show-
ed the alternate succession and different lengths of day and
night throughout the year, and the change .of the seasons.
The Synodic and Periodic revolutions of the Moon were also
shown, and also the diurnal rotation, with the retrograde revolu-
tion of the nodes of her orbit, and therefore, all the Eclipses of
the sun and moon. On the exterior plate, covering the wheel-
work, were two dial-plates, having indexes, pointing respectively,
when in motion, to the hours of the day of mean solar time,
and to the day of the moon’s age, while a small inclined dial,
under the earth, showed sidereal time. Directly opposite to
the earth rose a shaft that carried an index which pointed out
on the great ecliptic circle (as it moved along with the earth),
the names and days of the months, and the signs and degrees
of the ecliptic. In the tract previously alluded to, which is
K
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entitled, “ THE USE OF A NEW ORRERY MADE AND DE-
SCRIBED BY JAMES FERGUSON—London, pub. 1745, at page
38 he says, that—“ The justness of the planetary mo-
tions in this orrery may be seen im the following man-
ner:—Turn the bandle,” says he, “till the pointer comes to
the beginning of Aries, observing at that time when the
meridian of your place is turned toward the sun; then set
the index on the hour circle to XII at noon, and the index
on the sidereal dial-plate to 24; then turn the handle, and
as the earth proceeds forward in the ecliptic, you will see
sidereal index on its dial-plate gaining time on the solar index
in the hour circle, which will always point to the same XIIL,
when your meridian turns to the sun; but in a quarter of a
year, the sidereal index will be six hours before the solar one;
in half a year, 12 hours; in three-quarters of a year, 18 hours;
and in a whole year, 24 hours or a whole circle, which it will
have gained on the solar index in 365 days, or so many turns
of the handle. Note upon the ecliptic the day of any new moon,
and fix a bit of paper over against her on the wall, as seen from
the earth; then turn the handle 27} '#? times round, which will
bring the moon round the earth, so as to point from it to the
bit of paper again; but to bring her round from the sun to the
sun again, requires 294 turns, and the pointer on the ecliptic
will have passed over so many divisions to the day of the next
new moon, because as every turn of the handle brings any meri-
dian semicircle upon the earth quite round from the sun to the
sun again, and carries the solar index round its hour circle, so
it advances the pointer on the ecliptic one day forward among
the months. Turn on till twelve lunations are accomplished,
which will happen eleven days before the pointer comes again
to the same day on the ecliptic from which you began to com-
pute; and it is commonly known that twelve lunations come
eleven days short of a solar year, which is the foundation of the
epact. Turn the handle till the line of the nodes, if produced,
would pass through the sun’s centre ; then note the place of the
pointer among the degrees of the ecliptic, and turn the handle
till the same node, in the line of nodes, comes between the

122 These 27} turns of the handle of the orrery appears to he a typographical
error, as a periodical revolution of the moon contains 27 days 7 hours 43 min. §
sec., of in round numbers, 27 days 8 hours = 27} ; therefore, instéad of 27}, read
274 times round.” We are inciined to think that Ferguson, in this description
of his early orrery gives the periods and results in round numbers.
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centre of the earth and of the sun again; stop there, and you
will see the pointer cut the ecliptic almost 19 degrees short of
what it did before ; then turn the handle till the pointer is car-
ried forward that 19 degrees (in which time the nodes are still
moving backward) and the line of the nodes will be gone 194
degrees backward, which is their retrogradation every year,
This shifting backward, or contrary to the order of the signs,is
the reason why the eclipses happen every year sooner than they
did the year before, whereby they are gradually removed from
the consequent toward the antecedent signs. If you put a bit
of paper or a patch on the sun, over against any part of the
ecliptic, so as to be just coming in sight of the earth, and then
turn the handle 254 times round, the sun will have carried the
paper or patch, so as to point at the same place of the
ecliptic again, but it will require two turns more to bring it in
view from the earth again, because the earth has been going
forward in the ecliptic while the sun was turning round its
axis, 1%

If you observe any meridian semicircle of Venus that looks
toward the sun, and turn the handle 24} times round, the same
semicircle will again be turned toward the sun, but he will not
be vertical to the same place as before., If you first set Venus
and Mercury by hand between the earth and the sun, and note
their places in the ecliptic, by laying a thread from it over them
to the sun, and then turn the handle 88 times round, Mercury
will be gone quite round so as to point from the sun toward the
same place of the ecliptic again. But to bring him in a right
line between the earth and the sun, or to his next inferior con-
Jjunction, will require 28 turns more, in all, 116 days.'?* All
this time Venus has gone little more than half round the cclip-

123 Early in last century some astronomical writers gave the period of the sun's
rotation as 25 days 14 ho., 25 days 12 ho., 25 days 6 hours, &. Ferguson here
adopts 25 days 12 ho. = 25} days for his period. About the middle of last cen-
tury, a sidereal rotation of the sun on his axis was supposed to be done in 25d.
7h. 59 min. The true period, however, appears to be 25d. 10 h. 0 min. 288 sec.

124 The conjunctive period of any given planet may be found by multiplying
the sidereal periods of revolution into each other, and dividing by a divisor aris-
ing from the difference of the periods thus:—Required the time of the conjunctive
periods of Mercury and the Earth. The sidereal period of Mercury is 87d. 23h.
15m. 36°12s., or decimally expressed, 87960168 days. The sidereal period of
the Earth is 365d. 6h. 9m. 10-11sec., or decimally, 365-256367 days, and
365256367 x 87069168 = 32131298711692656; and from 365-256367 —87 069168
=277'287199 for a divisor. Therefore, 32131208711692656-+-277287199 =
1158773 days, which, when reduced, is 115d. 21 h. 3m. 18:72s., or in round
numbers, nearly 116 days, as produced by Ferguson's machine.
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tic, and therefore you must turn the handle 109 times more
round, which will complete her revolution, equal to 225 days in
round numbers. But to bring her to her next inferior conjunc-
tion, you must turn the handle 258 times more round, which,
added to the former 225, makes 583 turns, equal to a year and
218 days.!®

The motions of Venus and Mercury come nearer the truth in
this machine than what is here mentioned, but if they did not,
they would still be near enough, when they are so quickly shown
as by turning the handle, which may be 363 times done in less
than a quarter of an hour, and in this quick way of instruction,
the fractional parts of hours and minutes in the annual revolu-
tions cannot be observed, and consequently must be lost as to
sense.

I almost believe it is in vain for man to pretend to make the
planetary motions so exact in a machine as for ever to agree
with their originals in the heavens; but if I was to fit an orrery
to the true motions of a well-going clock, I would at a small
additional charge make it so, as when moved by the clock, to
perform the earth’s annual motion in 365 days 3 hours 48
minutes 37 seconds;'?® its motion round its axis (or sidereal
day) in 23 hours 56 minutes 4 seconds 6 thirds;!?" its solar or
natural day in 24 hours; the moon’s motion round the earth
in her orbit in 27 days 7 hours and 43 minutes;'® from new
moon to new moon again in 29 days 12 hours 45 minutes;
Venus's annual revolution in 224 days 17 hours; 1* her diurnal

125 To ascertuin the conjunctive ‘})eriod of Venus with the Earth, see rule in last
note. The sidereal revolution of Venus round the Sun is accomplished in 224d.
16h. 49m. 10°93s., which, when decimally expressed, is 224:700821 days ; and
the sidereal revolution of the earth round the sun is done in 365d. 6h. 9m. 10°11s.
decimally expressed, 865-256867 days; therefore, 865256367 x 224700821 —
82073-405540377307, and 224-700821—365°256367 — 140555546 for a divisor.
Hence, 82073°405640877307-140'555546 = 5839215 days, reduced is 583d.
22h. 6m. 57-6sec., a conjunctive period close upon that produced by this orrery.

126 1t is quite impossible to produce a period of 365d. 5h. 48m. 57s. by means
of whecl-work; the nearest approach to such a period is by the ratio or wheel-
work Ferguson uses—viz. o X g5 X 5 =y — 143175 = 392 =3865d. 5h.
48m. 58'783. How Ferguson may have obtained his ratio of yA##y will be
found in note 183.

127 This period of 23h. 56m. 4s 6thds. may be ascertained thus:—The sun
makes 365 apparent revolutions round the earth in a year, the stars 366 revolu-
tions. The solar year is 8685d. 5h. 48m. 51-6, or decimally, 865:242264 days, to
which add one day, and it will give 366:242264, that is, the sun makes 365-242264
apparent revolutions round the earth in a solar year, and the stars 366242264
1evolutions. Therefore, 365 242264 < 366-242264 — ‘99728957 of a solar day:

of a day is 28h. 56m. 4s. 5-45thds., being the true period, and is nearly
what 18 shown by the orrery.
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motion in 24 days 8 hours; Mercury’s annual motion in 87 days
23 hours ;' and the sun’s motion in 25 days 6 hours. How
near the truth these are, I leave to the judgment of those who
have read astronomical accounts of the celestial motions.”—(Vide

y

Ferguson’s “ Use of a New Orrery. London, 1746,” pp. 38—41);
also, see notices of his future orreries under their respective
dates.

We now annex a plan and section of the wheel-work of
this orrery, accompanied by a full description of the ma-
chine, extracted from Ferguson’s “ SELECT MECHANICAL EXER-
CISES,” a careful perusal of which will enable any practical
mechanic to construct one for himself.'*—* In the annexed en-
graving, Fig. 1 is the ground-plan of the wheel-work of the orrery.
The numeral at each wheel shows the number of teeth in that
wheel, and the shaded parts show where the teeth of anyone wheel
take into the teeth of another, as the one turns the other. Fig.
2 is a section or side view of all the wheel-work that can be
brought into sight. - But in this, some few wheels cannot be
shown, for in the orrery itself, take a view of the wheels on any
given side, some of them will be unavoidably hid from sight by
others that are between them and the eye. Those that come in
sight in Fig. 1 have the same numeral figures set to them as the
like ones have in Fig. 2, and also the same letters of reference;

128 The true mean periodic revolution of the moon is accomplished in 27d 7h.
43m. 4-67s,, and a mean synodic revolution in 29d. 12h. 44m. 2-88s.

129 Venus’s mean tropical revolution round the sun is performed in 224d. 16h.
41m. 8105s., rotation on axis not known. Mercury’s mean tropical revolution
round the sun is done in 87d. 23h. 14m. 35'98s., and the sun’s rotation, 25d. 10h.
Om. 288s. During last century the solar rotation was variously estimated by
astronomical authors at 26d. 6h.,—25d. 7h. §8m.,—25d. 12h., and at 26d., 14h.,
&c. Ferguson has adopted the minimum of these periods, all which periods
correspond in round numbers to the periods shown by this orrery.

180 The tropical revolation of Mercury round the sun is accomplished in 87d.
23h. 14m. 85:98s. This orrery period of Mercury is therefore 14m. 86s. minus
the true mean period of the planet.

131 Ferguson, in his * Select Mechanical Exercises,” does not give the diameter
of the wheels and pinions of this orrery, they are only to be found in his * Tables
and Tracts,” from which they have been taken, and are thrown into this descrip-
tion in order to render it more practically useful. (Vide Ferguson’s ‘¢ Tables and
Tracts,” pp. 160—167, 1st Edit.).

After 8 lengthened search for a copy of Ferguson's * Select Mechanical
Exercises,” we were at last successful in procuring one at an old book-stall in
Edinburgh, in July 1827. After a careful study of the arrangements of the secv-
eral wheels given in Plates 6 and 7 of this book, and the description of them there

iven, we commenced making one in October of that year (all of brass), and
gnished it in May 1828, and enclosed the wheel-work in a case of 12 sides, as is
shown in the print of the external view of the orrery. The wheels were only
4d part of the diameters here given,
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Plan of the Wheel-work of Ferguson's large Orrery.

Section of the Wheel-work.

and therefore, in reading the description, it will be necessary to
look first at it, and then at Fig. 2, by which means the reader
will see the position of these wheels in respect to each other, as
they are placed higher or lower in the frames which contain
them.

A AAAisaround immovable plate supported by four pil-
lars ; some of the wheels are below it, but the greatest number of
them are above it. It supports and bears the weight of them all.

B is the axis of the handle or winch by which all the wheels
are turned ; on its axis is a wheel C of 74 teeth, and 6°12 inches
in diameter, which turns a wheel D of 82 teeth, 1:80 inch in

N -
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diameter, and D turns E, a wheel of 73 teeth, and 611 inches
in diameter, on whose axis is a wheel F of 32 teeth, 1'80 inch
in diameter, turning a wheel G of 160 teeth, and 8'97 inches in
diameter, which turns a wheel H of 32 teeth, and 1'80 inch
in diameter, and H turns a wheel I of the same number and
diameter, on the top of whose axis is a small wheel K of 12
teeth (just under the Earth), which turns a wheel L of the same
number and size, and L turns such another wheel M of the
same number. The axis of M inclines 23} degrees, and the
earth at the top of it is turned round by it. The wheel H of
32 teeth turns a wheel N of the same number and size as H,
on the top of whose axis is an index which goes round a circle
of 24 hours (on the plate that covers the wheel-work), in the
time the earth turns round its axis. The wheels D and E could
not be shown in Fig, 2, because the wheel C of 74 teeth hides
them from sight.

On the axis of the wheel N is a wheel O of 64 teeth and
3'60 inches in diameter, turning a contrate wheel P of 30 teeth,
1'6 inch in diameter, on whose axis is an endless screw of a
single thread I turning a wheel Q of 63 teeth, 3 inches in dia-
meter, which carries the moon round the earth in her orbit, from
change to change, in 29 days 12 hours and 45 minutes. This
wheel of 63 teeth turns a wheel R of 24 teeth, 1'28 inch in dia-
meter, which turns a wheel S of 63 teeth, same in diameter as
Q, round in 29 days 12 hours and 45 minutes, on whose axis is
an index that shows the days of the moon’s age, on a circle of
294 equal parts, on the plate that covers the wheel-work.!

132 We do not kuow by what process Ferguson obtained the numbers of his
wheel-teeth for his lunar train, as the application of continuous fractions to the
determining ratios for wheel-work was unknown until within a few yeuars of his
deuth, and it conld not therefore be by such a process. It is probable that he
followed or modified the roundabout way laid down by the Rev. Dr. W. Derham,
in his “ Artificial Clockmaker,” thus:—‘* Determine on the number of pinions you
would like to use, and also on the number of leaves in each. Multiply the num-
ber of leaves and this will give the numerator of the ratio, and with which the
period of the lunation must be multiplied, and the result will give the denomina-
tor of the ratio sought.” This is a tedious process, because the denominator must
come to a whole number, or at least as nearly so as possible. We will give an ex-
ample. Sup Ferguson determined on two pinions of 8 leaves each, then
8x 8 =264, the numerator of the ratio sought, and 29d. 12h. 456m. decimally ex-
pressed, is =29-53125 ; therefore, 29-53125X 64 =1890-00000, which gives the
denominator of the ratio; hence, 1835 is the ratio sought. Were a wheel of 64
teeth to revolve in 24 hours and drive a wheel of 1890, such a wheel would revolve
in 29d. 12h. 45m.; but as 1890 teeth cannot be used in one wheel, it requires to
be broken down as follows—viz. §$§ X as adopted by Ferguson in this and his

other orreries. By adopting the process of comtinuous fractions, to determine
such ratios, we find the following ratios :—A lunation of 29d. 12h. 44m. 2:887s.=

v
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On B, the axis of the handle is a pinion T of 8 leaves, {45
inch in diameter, and turns a wheel U of 25 teeth, 222

295305887 decimally expressed; hence, the prime solid or fraction of #P33%9%%
which, on being reduced by this continuous fraction process (to be fully ex-
plained in the next note, in finding numbers for an annual train of wheels), we
arrive at tho following ratios :—gl;, s%. & &0 s0r i =388t 2 &c.
although y$4y is not to be found in this accurate process, yet by an engratting or
adding of the fourth and the sixth ratio together, we obtain Ferguson’s numbers,
viz. 28+ 1$4r=r83s. Ferguson seems never to have been a{ﬁ: to get wheel-
work to produce a lunation more exact than 29d. 12h. 45 m. (a period about 57
seconds too slow in a lunation) excepting in one instance in which he uses a large
wheel of 235 teeth, and a pinion of 19 leaves, which will be noticed in our de-
scription of that orrery. Fig. 1 in the annexed engraving shows Ferguson’s ar-
rangement for the wheel-work of his lunation ; if such adopted, we would
suggest condrate wheel 30 to be made a bevel wheel, and the upper half of the

Fig. 1.

whole of wheel 64 bevelled off to correspond to it,—the lower half being left plain,
would work same as shown. We would recommend the arrangement shown in
Fig. 2 in preference to that in Fig. 1, thus doing away with countrate and bevel
wheels altogether, as also the screw, and giving a more simple and much better

Fig. 2.

" action for these wheels:—thus, wheel 64 becomes useless, and on its axis a pinion
of 8 leaves turns in 24 h. and drives wheel 30, and its pinion of 8 drives 63 round
in 29d. 12h. 46m. We may here note that the last lunar ratio but one we
here give, g8§8y cannot be adopted, because 25101 when divided by 9 leave
2789, which is a prime number, and therefore cannot be further reduced; the
next ratio above this is #%%%, and which can be arranged thus:—}3 x % X fifly
pinion 12 turns round in 24 h. and drives a wheel of 52 teeth, having on
its axis a wheel of 22 teeth that turns one of 58 teeth, on whose axis is a
wheel of 53 teeth, which turns round a wheel of 187 teeth in 29d. 12h. 44 m.
2-881s. The true mean period of a lunation being 20d. 12h. 44 m. 2-887s;
therefore, this last train is the most perfect that can be found clear of prime
numbers. A very simple and tolerably accurate train may be obtained by

adding the following lunar ratios together,—viz. "33 and 17 If we take the

fraction y§¢ it will produce a period of 29d. 12h. 44m. 26s. as 2392 =- 81 =
29:530964 — 29d. 12h. 44 m. 26s., being a period within 24 8. of the true mean
revolution. —2892 may be broken down into 52 ‘and 46, and 81 into 9 and 9, and

’
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inches in diameter, which turns another wheel V of the same
number and size, on whose axis is a pinion W of 7 leaves, 4%
inch in diameter, which turns a wheel X of 69 teeth, 4:12 inches
in diameter, on whose axis is a pinion Y of 7 leaves, % inch in
diameter, which turns a wheel Z of 83 teeth, 6:12 inches in dia-
meter, once round in 365 days 5 hours 48 minutes 57 seconds,
and carrying the earth round the sun in that time for in

the train will become g X @5; pinion 9 revolves in 24 h. and turns wheel 46, on
whose axis is also a pinion of 9 leaves, which turns wheel 52 once round in 29 d.

12h. 44m. 26s.; for a train of two wheels and two pinions, this is perhaps the
most simple and accurate train, free of prime numbers, which can be found. See
the annexed section for arrangement of the wheel-work.

133 As we have already remarked, the art of computing rutios, and trains
of wheel-work, by continuous fractions, was unknown until the year 1771, five
years before Ferguson's death. Camus, in his *‘ Cours de Mathematiques,” Paris,
1767, gives rules for determining trains for planetary revolutions, but in a way
so very tedious, that few would found to trouble themselves with it; several
pages of his * Cours"” are taken up with the problem of a motion derived from 12
hours to ?rcnluce a period of 365 d. 5h. 49m. Probably it was by such a process
as Camus’s, that M. Passeman took 20 years to calculate trains of wheel-work
for the solar system, which could now be done in as many days by the applica-
tion of continuous fractions (or doctrine of exhaustions). Benjamin Martin of
London introduced the method of wheel-work calculations, b{ continuous frac-
tions, in 1771, and about the same period it was successfully carried out by
Antide Janvier of Paris, in'the computation of the wheel-work of his great Pla-
netarium. Perhaps no one has done so much in applying continuous fractions
to wheel-work, as our late friend the Rev. Dr. William Pearson, who, between
the years 1800 and 1820, made a great manf' calculations by this new method
for his large Orrery—Planetarinm—and Satellite machines.

Referring to Camus’s problem, viz. given a prime mover of 12 hours; query,
the wheels and pinions necessary to produce a motion of 366d. 5 h. 49 m.? after
a lengthened and very tedious process, he arrives at the solid fraction of ydfyx,
which he breaks down into wheels and pinions, thus:—wheels 83, 69, 25, and
pinions 7, 7, 4, that is, 83X 69 X256 =148175, and 7 X7 x4=196. Instead ofa
mover of 12 hours as in clocks, let us suppose one of 24 hours, as used in orreries,
and the solid fraction will become +%°3r5, and the wheels and pinions as follow :
—83, 69, 25 for the wheels, and 7, 7, 8 for the pinions; that is, suppose a pinion
of 8 leaves turns round in 24 hours and drives a wheel of 25 teeth, which has on
its axis a pinion of 7, which drives a wheel having 69 teeth, on whose axis is a
pinion of 7 leaves, which turns wheel 83 once round its axis in 365d. 6h. 48 m.
5877 s., a very close approximation to the period proposed :—the solid fraction
T = s X X ¥, the exact numbers used by Ferguson for the annual train
in his best orreries and astronomical clocks.

We shall now give an exam;ile of continuous fractions as ap)l)lied to finding out
a ratio for a period of 365d. 56 h. 48 m. 55s., being the mean length of a year as
estimated in Ferguson's time. Before going into this problem, 1t will be neces-
sary to give the rule by which the process is to be conducted, thus : —Any ratio
between two given numbers being pro , consisting of many places of figures, to
find a set of integral numbers that shall be the nearest that given ratio.——RULE.
—Divide the consequent by the antecedent, and the divisor by the first remain-
der, and the last divisor by the last remainder, till nothing shall remain, in the
same way as finding the greatest common measure for any two numbers ; then,

L



82 EXTENDED MEMOIR OF

this wheel are four short pillars, whose upper ends are fixed into
the lower plate of a moveable frame acaaaaa (Fig. 1), that

for the terms of the first ratio, unity, will always be the first antecedent, and the
first quotient the first consequent ; for the second ratio, multiply the first antece-
dent and consequent by the second quotient, and to the product of the antecedent
add 0, and to the consequent, add 1, and the sum shall be the terms of the second
ratio. For the following ratios, multiply the last antecedent and consequent by
the next quotient, and to the product, add the last antecedent and consequent
but one, and the sum shall be the present antecedent and consequent. It may
be remarked, that if the terms of the given ratio are not prime to each otker, they
must be made 8o before the proposed operation is begun.

Attending to these rules, we shall proceed to the solution of the question of the
period proposed. In the first place, the period of 865 d. 5h. 48 m. 55s. must be
thrown into a decimal value thus:—5h. 48 m. 55 s. = 2423 of a day; consequently,
865°2423 days is the period decimally expressed, and as the axis which is assumed
to turn once round on its axis in 24 hours is the prime unit from which the an-
nual motion is to be derived, it must necessarily be expressed by a unit, and as
many cyphers as there are figures in the expression of the fraction of a day, which
in the present case are four, then 10000 is the antecedent, and 3652423 the con-
sequent ; therefore, the solid fraction becomes 53899y, and as they are prime to
each other, the operation may be proceeded with.

Opemtion - Therefore Ratio.
1:0000)365-2423(365.4.7.1.6.1.1 quotients, 0 X365+ = g5 Ist.
3650000
2423)10000(4 shs X 44 ¢ = %y 24
9692

308)2428(7 T X T4 yhs = 1w 3d.

2156
267)23?(1 T X 14+ 1% 1= 1% 4th.

’mgg;w X 6+ rie= sitts Sth.
'mg(l s1#oX 1 +rdfsy= 5188y 6th.
2‘0);1)(1 viffs X 1 +3itto= s 7th.

1

The last ratio {+4%yy comes very near upon the period proposed, for 177873 =
487=365'2422998 =865 d. 5 h. 48 m. 54 5. 42 thds., being only 18 thirds, minus
the period required ; but such a fraction becomes useless in practice, as 487 is a
prime number, and therefore cannot be reduced. The ratio next the last one is
518935, and 94963 - 260 = 3652428077, or 365d. 5h. 48 m. 56s. 23thds,, a
period making an yearly error of 23 thirds too slow; but as this solid fraction
18 not prime, 1t is capable of being reduced into fractions suitable for a train of
wheels, and becomes a very desirable ratio ;—thus,—

11)94963 2)_220
89)863? hence 11 X 89 x 97 = 94963, and 2)130 or2x10x13

97 5)65

13

This fractional ratio will therefore be & X }4 % 34, but as the first part of the frac-
tion f cannot be used, it must be multiplied by some number 8o as to raise it.
Suppose we multiply it by 5, then & X 5 = }8, which is precisely of the same value
as y; the working or practical fraction therefore becomnes 32 x }§ x }3 =588y ;
Therefore, let a pinion of 10 revolve in 24 hours and turn a wheel of 55 teeth, on
whose axis is another pinion of 10, which turns wheel 87, which has a pinion of
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turns round on a fixed upright pin in the centre of the plate
A AAA, and contains the above mentioned wheels belonging
to the Earth and Moon, so that the whole frame goes round the
centre pin in the same time with the wheel Z.

This last wheel cannot be seen in Fig. 2, because it lies
within the thick wheel G, which is only a thick ring, having
160 teeth on its outside. Its innermost side is represented by
a dotted circle in Fig. 1, and it is kept in its place by three
rollers marked *** which turn upon pins fixed in the great
immovable plate A A A A

As the uppermost edge of the contrate wheel F (Fig. 2) must
come a little way through the plate A A A A, in order to turn
the ring wheel G that lies on the upper side of this plate, and as
this wheel turns the wheel H of 32 teeth that belongs to the
Earth’s diurnal motion, it is plain, that as the wheel H must go
round G, in a year, by the annual part of the work, G must be
thick enough to turn H at such a distance from or above the

13 that turns 97 once round in the period of 365d. 5 h. 48 m. 55s. 23 thds, (See
the annexed section of the wheel-work). Had Ferguson been acquainted with this

method of tinding traius to produce accurate periods, he would undoubtedly have
had recourse to it. Instead of always keeping fast to the train of s X o5 X 3y pro-
ducing 365 d. 5h. 48 m. 5877 s., being an yearly error of 3-77 s. slow, he would
have discovered our numbers 18 x 3% X $# producing 365d. 5h. 48 m. 55-38s.,
which is only 28 thirds too slow,—a pericnf much nearer than the 3'77 seconds
per tropical year.

Ferguson's nuinbers, ;3% x is not to be found in the above ratio in their na-
tural fluxion, but nevertheless they may be produced by an ingrafted process, as
follows :—Take the 4th ratio 12%%y and multiply it by 11 (instead of 6), and then
add to it the 3d ratio thus:—

15¥%53 X11 4 18%& 7 = 134y s = Ferguson's fraction.

But as Fergnson appears to have known nothing of this method when he made
his calculation, his fraction could not be produced by such a method. We are
inclined to think that he arrived at the solid fraction y33%?rs by the same process
we have given in our last note, viz. by determining on the number of pinions and
the leaves each should have, so that their united value, employed as a multiplier
on the year period, might produce a whole number, or one very near to it ; after
a great many trials with pinions of 6, 7; and 8, diversified in every manmer of
way, he would discover that the only arrangement with three sets of pinions
multiplied into each other, and again used as a multiplier for the period of the
year, were pinions of 8.7.7. thus:—8 X7 X 7=23892 and 365:2423 x 392 =
1481749816, a decimal, nearly equal to 143175, a number capable of being
reduced into 25X 69 X 83. Ferguson therefore adopted the 1935 = 3% X 5 X 75
as the most accurate ratio that he could find for producing the period of his solar
year.—We have thus been particular with Ferguson's period of a solar year in
order to show how he probably found his ratio, and also to show how such caleu-
lations are performed with greater ease and accuracy.

A

.
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plate A A A A, that wheel H may go over the top of F without
touching it; otherwise, when H came round to F, it could not
pass by, and would stop the annual motion.

In the centre, just above the upper surface of the moveable
frame, plate aaaa, is a fixed wheel b of 40 teeth, 295 inches
in diameter, taking into the teeth of the wheel ¢, which has also
the same number of teeth and diameter; and these take into
the teeth of a third similar wheel,d. The axis of this last wheel
is hollow, and the top of it is fixed tight at K (see Fig. 2) in the
piece K L M that carries the Earth. This part of the work keeps
the Earth’s inclined axis in a constant parallelism in its annual
course round the sun ; for as d is connected with the fixed wheel
b by means of the intermediate wheel ¢, and ¢ rolls or goes round
b by the annual work, and as b, ¢, and d have equal numbers of
teeth, d must always preserve its parallelism throughout its
- annual motion.'™ The axis of b is fixed into the immoveable
plate AAAA, and it is hollow, to let the axis of some wheels
below that plate turn within it.

The solid spindle or axis of the wheel I of 32 teeth, turns
within the hollow axis of wheel d of 40 teeth; and on the top
of this solid spindle is the small wheel K of 12 teeth, which
turns the earth round its axis by the wheels L and M, of equal
number and size with K, as already mentioned.

The hollow axis of the parallelism wheel d is within an up-
right socket, whose lowermost end is fixed iuto the top plate
(marked 56 in Fig. 2) of the moveable frame ¢ a a «, and on the
top of this socket is fixed a small wheel ¢ of 16 teeth, which
take into the teeth of another wheel f of the same number and
size, on the axis of which is a long pinion g of 16 leaves, which
take into the wheel k of 16 teeth, whose axis is hollow, and has

134 The earth's axis does not maintain a constant parallelism. The axis of the
~arth has a kind of conical motion round the poles of the ecliptic, and at the rate
18 1* moving, it will accomplish a circuit round the poles in 25868 sidercal years.
wh ecure such a motion in an orrery which we made in 1828, instead of *‘ a fized

el of 40,d.” we made this wheel to have a slow motion—caused it to accomplish

turn round its axis in 25868 sidereal ycars, and in doing 8o, communicated the

* motion to the other parallelism wheels, and thus caused the axis of the earth

a a revolution round the poles of the ecliptic of the orrery in 25868 of its

‘arg. The second Farngfelism, wheel ¢, of 40, although it rolls round in

. . “afixed wheel of 40 in the centre, it makes two rotations on its axis in

This fractional . of the annual frame within which it moves, and thus so operates

tion i cannot belelism wheel d, of 40, as to make it turn no way af all; any

Suppose we multiplyarface of this wheel d always keeps directly in a line with

as fy; the working orveat distance. In nature, the parallelism is not a constant,

Therefore, let a pinion tmoving at the rate of 50°1 seconds annually, or through
whose axis is another pin. the ecliptic in 25868 sidereal years, as stated.
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a black cap on the top of it covering just one half of the Moon,
Now, as the socket, on whose top the wheel ¢ is placed, is fixed
into the annual moving frame, it is plain, that which ever side
or tooth of the wheel e is once toward the Sun will always be
so; and therefore, as the wheel f, the pinion g, and the wheel &, go
all round the wheel e by the work that carries the Moon round
the Earth, and all these have equal numbers of teeth, the wheel
h will always keep the front part of the Moon's cap facing to-
wards the Sun, and show her to be always full as seen from the

. Sun, but continually changing her phases as seen from the
Earth in her going round it, for when the Moon is between the
Earth and the Sun (as represented in Fig. 2), her cap will hide
the whole of her from the Earth, but when she is opposite to
the Sun, all the half or side of her next the Earth will then ap-
pear like a full Moon before the circular edge of the cap, and
when she is mid-way between these positions, or in either of her
quadratures, she will appear just half enlightened as seen from
the Earth.

The axis of the wheel Q of 63 teeth, which carries the Moon
round the Earth, is hollow, and turns round upon the before-
mentioned fixed socket; to the top of this axis (just under the
wheel ¢ of 16 teeth, in Fig. 2) is fixed the bar 4, f, which car-
ries the Moon round the Earth by the motion of the wheel Q.

On the top of the axis of the wheel ¢ of 40 teeth, is a wheel &
of 59 teeth, which turns a wheel [ of 56 teeth, which causes the
nodes of the Moon’s orbit to go once round, with a retrograde
motion, through all the signs and degrees of the ecliptic in 18§
years.¥® The axis of / is hollow, and turns upon the hollow

135 The nodes of the moon’s orbit perform a retrograde revolution through all
the signs and degrees of the ccliptic in 6798 d. 6 h. 46 m., or in 67982819 days
=18 years 223 d. 22 h. 43 m. Ferguson, in all his large orreries, assumes 223 d. to
be §ds. of a year; $33 is far from being 4ds. of a year—it is $3 of a year nearly,
a fraction much under §ds. of a year,—for §ds. of a year is 24349654 d. or 243 d.
11 h. 52 m., and if the true period is subtracted from that of Ferguson's it will
show an error of fully 194 days, plus, in the period of the revolution of the nodes,
thus:—223 d. 22 h. 43 m.—243d. 11h, 52m.=19d. 18 h. 9 m. error too slow
in each nodal revolution. Ferguson having assumed 18§ years as his period of the
nodes, he would reduce his fraction thus:—18 x3+2=>56, and as the nodes are
retrogressive the 3 must be added to 56 for next wheel thus:—38. The 56 being
on the middle wheel of parallelism of his orrery, takes into and drives a wheel of
59 once round, backward, in 188§ years, or 18 y. 243 d. 11 h. 52 m., instead of
18 y. 223 d. 22h. 43 m.

The period of the nodes derived from a solar year is found by the rule given in
our last note thus:—The mean tropical period of the nodes is 6798 d. 6 h. 46 m.
— 67982819 days, and 365°2423 that of the year, which, when the two periods
are treated, as shewn in our last, give the quotients 18.1.1.1.1.6, &c.. and as
per rule, work as follows :—
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axis of Q, and on the axis of [ is a circular plate m (see Fig. 2)
fixed obliquely on that axis, and parallel to the Moon's orbit.
The work that carries the Moon round the Earth carries also
the piece g round upon this oblique plate, and as the lower end
of the Moon's axis (which turns within the hollow axis of her cap)
is fixed into the piece g, it causes the Moon to rise and fall in her
oblique orbit according to her north or south latitude or declina-
tion from the ecliptic. As the nodes of her orbit are even with
the plane of the ecliptic, one half of her orbit is on the north
side, and the other half on the south side of the ecliptic.

On the axis of the wheel X, which has 69 teeth, is a pinion
n of 10 leaves yify inch in diameter, turning a wheel o of 73
teeth 582 inches in diameter, which carries Venus round about
the Sun in 224 days 17 hours.!®* The axis of the wheel o is

0 X18 4+ § = ¢ 1lst ratio.
HX 14+ §=4 24 ,,
X 14+ d=4s 3 ,
X 14 fp=q 4th ,,
HX 1+ H=g 5th,,
FrX 0+ 5 =4y 6th ,,

In this case the antecedents and consequents, or numerators and denominators,
must be added together to produce the sccond node wheel ; in the 4th ratio will
be found Ferguson’s numbers 5¢ 4 3 =159, and thus is produced his fraction of
§§=188% years. Had Ferguson adopted $ths. instead of §ds. of a year, he would
have come within 5 days of the truth, instead of 194 days. The 6th ratio g% or
93 4 5=98, 3§ for the wheels ; if a wheel of 93 be used in place of Ferguson's
56, and a wheel of 98 instead of his 59, such a train will produce a period of 183
years =18 years 219d. 3h. 29 m., a period 4d. 18 h. 35m. minus the true
period. The 6th or last ratio of 614 4 83=2647, and §14, requires compound
wheel-work, and as 647 is a prime number, and therefore not reducible, recourse
must be had to higher ratios.

136 The true mean tropical revolution of Venus round the Sun is performed in
224d. 16 h. 41 m. 31s. Ferguson here gives 224 d. 17 h. as the nett produce of
his Venus train, whereas it ought to be 224d. 20 h. 47 m. 8s., if we take the
wheels he gives for this train, and work them out, they produce that period. Thus,
the value of wheel 69, of his annual train, is 30-8035 d. (see last note on the Sun)
=230d. 19h. 17m. 2s.; therefore, as Ferguson uses 43 for his approximnate value,
we have the question, If 10:30°8035:: 73?7 thus, 308035 X 73 =22486555--10=
224-86556 = 224d. 20h. 47m.; or, s Xgy X 43 = rfAlfs, and 125925560
=224'8660714d. or 224d. 20h. 47m. 8s., and not 224 d. 17 h. as given by
Ferguson. On referring to Ferguson’s Astronomy, to his ¢ Tables and Tracts,”
and to his *‘ Select Me&mnica.l “xercises,” we tind the same 224 d. 17 h. written
down, instead of 224d. 20 h. 47 m. 8s.—the real wheel-work period. This is
singular, and su, s that his pen had made a slip when first working out the
result of his period for Venus, and that he had never afterwards tested it.

To the orrery maker it therefore becomes necessary to have a nearer ratio for his
wheel-work than §§. As by former rule, take 30°80357 and 2246955 (the period
of Venus decimally expressed) and we have the fraction \2883%8%s;, which, when
reduced. according to the rule formerly given, produces the l‘ollowing ratios :i—
} 4 3 38, Pa- The fourth ratio gives Ferguson's numbers. If we adopt
5 instead of them, we shall obtain a period of 224'68486 days=224d. 16h.
26 m. 12s., which is within 16 minutes of the true mean period ; whereas, 4%
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hollow (because another axis turns within it), and on the top of
it is fixed the lower plate of the frame pppp which carries
Venus round the Sun, and has wheels within it belonging to
Venus and Mercury. '

Under the lowest plate of this frame is a fixed wheel g of 74
teeth 612 inches in diameter, being of the same diameter as
wheel Z of 83 teeth, which gives the Earth its annual motion,
so that in Fig. 1, one and the same circle represents both these
wheels. A pinion 7 of 8 leaves i} inch in diameter takes into
the teeth of the fixed wheel ¢ of 74 teeth, and is carried round
it by the motion of the frame p p p p that carries Venus round
the Sun; consequently, in the time this pinion is carried round
the wheel, it will turn 9} times round its axis, equal to the
number of Venus’s days and nights, in the time she goes round
the Sun.?®

The wheel q of 74 teeth is fixed on the same (before-men-
tioned) socket, on which the wheel b of 40 teeth is fixed. The
top of this socket goes through the lower plate of the frame
pppp, and a wheel 8 of 28 teeth, 174 inch in diameter, is
fixed upon the top of this socket, just above the same plate.
Another wheel ¢ of 28 teeth takes into the teeth of 8, and is
carried round it by the motion of the frame, and a third wheel
u of 28 teeth (which is also carried round by the frame) takes
into the teeth of ¢; the axis of u is hollow, it turns upon the
solid spindle or axis of the pinion 7 of 8 leaves, and on its top
is fixed the curved piece v (see Fig. 2) that carries Venus on
her inclined axis, which, by means of the three last-mentioned
wheels of 28 teeth, is kept in a constant parallelism in going
round the Sun.!%®

ives an error of 4 h. 20 m. 56 s. Therefore, instead of a pinion of 10 on the
ghn!t of wheel 69, have a pinion of 17 leaves, and let it drive a wheel of 124 teeth,
and this will produce the period as noted (308035124 = 381964268 ~-17 =
22468486 as given).

137 During the latter half of last century, Bianchini's period of Venus's diur-
nal motion appears to have been universally adol[lmd—wz. 9} days in its year,
each of its days being m'g:al to 244 of ours. It has been found, however, that
Bianchini was wrong in his measure. Venus's rotation is performed (according
to CassINI) in 23 hours 20 minutes 55 seconds.

138 These three wheels of 28 teoth are subject to the same laws and give the
same results as the three wheels of 40 teeth each, which preserve the parallel-
ism of the earth’s axis —viz. the first wheel of 28 teeth being fixed, and tm other
two so connected as to roll round it, produces the following results; the second
wheel of 28 teeth, rolling round in the teeth of the fixed wheel of 28, performs
two complete rotations on ils axis, while the third whecl of 28, driven by it, moves
““no way at all ;” however paradoxical this may svenr, it is nevertheless strictly
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On the top of the axis of the pinion 7 of 8 leaves, and just
above the curved piece v (Fig. 2), is a small wheel « of 12
teeth, which turns another wheel z of the same number and
size, and this last wheel turns a third wheel y of the same num-
ber, which is fixed on the axis of Venus, and turns her 9} times
round her axis in the time she goes round the Sun, which is
Jjust as often as the pinion 7 turns round in the time it is car-
ried round the fixed wheel ¢ of 74 teeth.!®

On the top of the axis of the middle wheel ¢ of 28 teeth, is
another wheel of the same number and size, which turns a
wheel 8 of 18 teeth, 1'12 inch in diameter, and this wheel
turns another wheel 3 of the same number and size, whose axis
is a hollow socket, on which a bar y (Fig. 2) is fixed, and this
bar carries Mercury round the Sun in 87 days 23 hours.

On the axis of the wheel X (already mentioned) of 69 teeth
is a wheel ¢ of 78 teeth, which turns a wheel a of 64 teeth once
round its axis in 25 days 6 hours. The axis of this wheel
turns within the before-mentioned hollow arbours in the centre,
and on its top is the small wheel » of 12 teeth, which turns
another wheel £ of the same number and size ; this last wheel

correct. The reader will find this point ably discussed by Ferguson in his ** Select
Mechanical Exrercises,” article ‘“ Mechanical Paradox,” pages 44—71. (See also
Fer§umn's Mechanical Paradox in the present work.

139 Fer{.lson adopts Bianchini's period of rotation, and it is now universally
admitted by astronomers, that ‘“ Bianchini greatly erred.” The axis of Venus
is nearly perpendicular to the plane of the ecliptic, and she performs her rotation
in about 23 h. 20 m. 55s., amr not on an axis inclined 75° to the ccliptic, and in
24} days as given out by Bianchini. (See note 137).

140 The period of Mercury here given, ‘87 days 23 hours,”" is not the real
period produced by the wheel-work. 1t will presently be shown that Ferguson’s
wheel-work for the period of Mercury produces a period of 87 d. 23 h. 47 m. 8s.
Ferguson here uses one of the parallelism wheels of Venus as the unit of his mo-
tion—viz. he has on the axis of the middle wheel of parallclism 28, another
wheel of 28 teeth which drives a wheel of 18 teeth round in 87 d. 23 h. 47 m. 8.
It must be recollected that the middle wheel of parallelism, in rolling round in
the teeth of the fixed wheel 28 on the centre, turns twice round on its axis, and
that circumstance alters the value of the prime fraction of its period; 4§, the
fraction here used, is 28 +-18 =1-556555, &c., which of course is not the relative
ratio of 87 d. 23 h. 47 m. &c., to 224d. 20 h. 47 m. &c., but as this wheel of paral-
lelism turns fwice on its axis in one revolution of Venus, the fraction }§ must be
treated as follow:—viz. 28 4 18 = 4618 =2'55555, which is the number of
times that Mercury’s period is contained in that of Venus,—thus—%ﬁ:ﬂ
d. 23 h. 57m., &c., which is a period too much by about 12 minutes. In reducing
the ratios for this train to a more accurate geriod, we find the ratios of § §, ¥,
&c. a near approach to Mercury's period, and may be obtained by multiplying the
last ratio by 7, and adding to it the preceding one, X7 + § = $fr; the £ is
exactly the half of Ferguson's fraction }§. 1f we adopt the corrected train we have
given of Venus—viz. 22468486 =224d. 16 h. 26 m. 12s., and instead of a
wheel of 28 on the middle parallelism wheel, we have one of 101 teeth to drive a
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is fixed on the Sun’s axis, it turns in the piece ¢ (Fig. 2), and
turns the Sun round his axis in 25 days 6 hours.'!

The Sun’s axis inclines 74 degrees from a perpendicular to
the ecliptic ; Venus's axis, 75 degrees; and the Earth’s, 234.

The Earth turns round within a black cap, that always covers
the half of it, which at any instant of time is turned quite away
from the Sun; the edge of the cap represents the solar horizon
or circle bounding light and darkness; it is supported by a
crooked wire P whose lower end is fixed into the plate that
covers the wheels, and is carried round by the annual motion-
work. An index (called the annual indexr) goes round the
ecliptic by the same work, keeping always opposite to the Sun,
and showing the days of the months and the Sun’s apparent
place in the ecliptic as seen from the Earth.

On looking at Fig. 1, it may appear to many, that the wheels
C, D, and E are superfluous, and that the wheel F, which gives
motion to the toothed ring G, might have been upon the axis B
of the handle. For as F has 32 teeth, and H, that is turned by
the teeth of G (and turns the Earth round its axis), has also 32
teeth, F and H would turn round in equal times; and conse-
quently, a turn of the handle would have answered to a turn of
the Earth on its axis. This indeed would have been the case
if the Earth had no annual motion, but as H goes round G in a
year, in the same way that G turns round, H loses five turns in

wheel of 65, then this wheel of 85 will revolve in 8797849 days, or 87d. 23 h.
29 m. 18., which is a period of only 7 minutes fast of the true mean revolution
of Mercury, whose period is 87d. 23 h. 36m. See also calculation annexed to
the tabular view of the wheel-work of this orrery at the conclusion of the descrip-
tion.

141 The rotation of the Sun is derived from the annual train of the Earth by
the addition of two wheels to it,—viz. a wheel of 78 and one of 64 ; hence, the
train for the Sun’s rotation hecomes s X 5 X33 =1 & which, when reduced,
is 25-274725 days=25d. 6 h. 85m. 36s., as given under *‘ the Tabular view of
the Wheel-work ™ at the conclusion of the description of this orrex Ferguson,
it will be observed, gives the rotation by his wheel-work as ‘25 days 6 hours,”
aud has omitted the 35 m. 36 s. which his wheels really produce. The true mean
solar rotation is done in 25d. 10 h. 0 m. 1s., or 2564168 days nearly. To obtain
this period we may take the value of P5 X the first part of the train, and be-
longing to the annual wheels & Xy = v#%5, and 1725--56 = 308035 days =
the value of rotation of wheel 69. Therefore, as the solar rotation is performed
in 25°4168 days, their relative values become as the fraction $§:43%%, and this
reduced according to the rule already given, leaves the following ratios—viz.

#. 14, 18, 13, 13}, &c.; a rotation very near the true period may be had by
mult:plying the last ratio but one by 1, and adding the preceding one to it,—
thus, 38X 1 X }§ = 33 —808085 X 52 = 1601782063 = 25-4251 days, or 25d.
10 h. 12m. 8s. Therefore, instead of making a whoel of 78 to drive one of 64,
cause a wheel of 68 teeth to turn a wheel of 52 teeth, which will produce a period
within 13 minutes of the true value, 25d. 6 h. 35 m. 86 s.; the period of last cen-
tury is 3 h. 24 m. 24 s. minus the modern value given to the rotation.

M
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going round G (for 5 times 32 is 160, the number of teeth in
Q), and then the handle would have turned 370 times round in
the time the Earth made 365 rotations. To prevent this, and so
make the turns of the Earth and handle agree together, C has
74 teeth and E only 73, so that the wheel E will turn five times
oftener round than the handle does in 365 turns thereof ; and
consequently, make the Earth’s daily rotation. equal to a turn
of the handle, or to 24 hours mean solar time.!? (See Fer-

142 Ferguson describes this motion correctly. It is evident that the wheel H
in going round the ring-wheel G, in the same direction as that wheel turns, must
lose 5 rotations on its axis, and the handle would in that case have had to make
870 turns in 365 days, and the wheels 74 and 73 he employs thake the turns of the
handle and the axis of the earth to agree ; for 73 is § of 365, and 74 is } of 370 ;
and hence, 74:870::731—870 X 73 =27010--74=365=the rectification sought.

As there are several errors in the *‘ periods " of Fe n’s orrery in the Edin-
burgh Encyclopedia (vide note 87, p. 52), the following corrected table of the
periods is given: —

TABULAR VIEW oF THE MoTioNs, WHEEL-WORK, AND PERIODS, OF
FERGUSON'S ORRERY.

Motions. Wheel-work. Periods.

Earth’s Diurnal motion, WPXP <Y 365d. 5h. 48 m. 5877 s.
A Lunation, . . . . XY 29d. 12h. 45m.

Solar rotation, . . . WX X9% 25d. 6h. 35m. 36-24s.
Revolution of Venus, . P X4 x 33 224d. 20h. 47 m. 857 s.
Revolution of Mercury, 14 of Venus+1 87d, 28h. 47 m. 8°57 s.
Rotation of Venus, . 4 of its Revol. 24d. 7h. 26 m. 10°65s.
Moon’s Node, . . . s %3 18§ years.
Earth's Parallelism, . 40 X 40 X 40 years. 0 deg. 0 min. 0 sec.

The following figures exhibit a practical solution of the periods derived from the

wheel-work in the preceding table :—

The Earth's dinrnal motion, 3% x % X % =249,'7 3 and 143175-392 = 3652423469
days; reduced, it is 365d. 5h. 48 m. 5877 8. as above.

A Lunation, . . . . 3$X % = '3%° and 1890--64 = 29-53125 days;
reduced, it is 20d. 12h. 45m. 0s. as above.
Solar Rotation, . . . %0X% x§§="11343° and 110400--4368=25'274725

days ; reduced, it is 25d. 6h. 35 m. 3624 s. as above.
Revolution of Venus, . % X4 X j-a:' 3435 and 125925 +-560=224'8660714
days; reduced, it is 224d. 20h. 47 m. 8-57 s. as above.
Revolution of Mercury, . 4§ of Venus=28+18—= 46, and 46 +--18=2-555655556
and 224°8660714 2555555656 —87°9910714—=287d. 23h.
47 min. 857 sec., or 224-8660714 X 18 — 40475892852 -
46 —=287-9910714 ; reduced, =87 d. 23 h. 47 m. 8'57s.

Rotation of Venus, . . & of a Revolution, 224°8660714 x 8 —17989285712
+74=24'3098455—=24d. 7h. 26 m. 10'65s.
Moon’s Node, . . . . from 59-—56 =3, and therefore becomes % and 56

3 = 18% years as above.
18666666 x 365°2423469 —6817°8568986384354d., or
6817d. 20 h. 33 m. 56s., or 18y. 248d. 11 h. 52m.
Earth's Parallelism, . . Wheel 40 fixed =0 ; the second wheel 40 =2; the
third-wheel 40=0; hence, the third wheel 40 preserves
its parallelimn,

— ’-\"—\—\\ 5
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guson’s “ Select Mechanical Exercises,” 2d Edit. pp. 73—87;—
and Ferguson’s “ Tables and Tracts,” 1st Edit. pp. 160—167 ;—
also, Brewster's Edinburgh Encyclopedia, article, “Planetary
Machines.”)

The following Table exhibits the arrangement and resulting periods of the new
wheel-work, calculated by us, for insuring ﬂeater accuracy In the motions of the
Moon, the Sun, Mercury, Venus, and the Moon’s nodes, in Ferguson's orrery.—
The explanations in previous notes show how the new wheels are to be connected
with the old train used by Ferguson.

Motions. Wheel-work. Periods.
Earth’s Diurnal motion, Y x4 XY 865d. 5h. 48 m. 58°77s.
A Lunation, . . % X 4P 29d. 12h. 44 m. 26s.
Solar Rotation, . . . P X4 X8} 25d. 10 h. 12m. 8s.
Revolution of Venus, . 25 X 4P X \A# 224d. 16 h. 26 m. 12s.
Revolution of Mercury, P of Venus+1. 87d. 23h. 29 m. 1s.
Rotation of Venus, . . % of its Revol. 24d. 22h. 31 m. 8s.
Moon's Node, . . . s 184 years.
Earth’s Parallelism, . 40 X 40 x 40. 0 deg. 0 min. 0 sec.

According to recent observations, it has been ascertained that the mean length
of a solar or tropical year consists of 365d. 5h. 48 m. 516s., and not of 365d. 5 h.
48 m. 56 s. as adopted during the greater part of last century—aiterwards, 365 d.
5h. 48 m. 48 or 49s. The period 365d. 5h. 48 m. 51'6s. (a mean between them)
has been found to be the more correct period, and is that at present adopted. If
it is required to ascertain a series of fractions for wheel-work to produce such a
motion, we have to follow the rule and process given in note 133,—viz. the
period of 366 d. 5 h. 48 m. 516 8., decimally reduced, is 365:242264 days; hence
the fraction becomes 533%93%%+, and, according to said rule, as the nominator
and denominator of this large fraction do not stand prime to each other, they
must be made so, otherwise we would be dealing witﬁ the multiple of a prime
248099997 -2-2--2 = 11333%8y = in value to y}899998; therefore, 7133993,
being prime to each other, they are now to be reduced as E:r rule, and the frac-
tions arising from the several quotients obtained will sts T OhT
s 51887 768y, 71334y, &c.,—the fraction 5 =3865d. 5h. 471n. 35°171s.:
= =365d. 5h. 49 m. 543 5.— 3§45 =365 . 5h. 48m. 49°19 8. —yRbtr=
365d. 5h. 48m. 51958, ;—48kp =365d. 5h. 48 m. 51:564 5. In reduciug the
two last solids into fractions, we get on prime numbers unsuitable for wheel-work ;
we shall therefore have to adogt a process discovered by us, about ten years ago;
which we have used since, and obtained the greatest possible accuracy in num-
bers for planetary revolutions. If we, for example, take the fractional ratio
wktr X 32+ roihy = 7% rs, We here adopt, by random, 32 as a multiple, and
take ygdyx as the additive fraction, we obtain x4}y, & ratio which is capable
of being reduced into smaller fractions suitable for wheel-work, and at same time,

roduces a period so close to the tropical period of the earth, as almost to
identical with it. We believe this reducible ratio cahnot be surpassed in
point of accuracy, for 22780166237 =23865d. 5h. 48 m. 6516017 8., the true
riod being 365d. 5h. 48 m. 51'6000s. 'We may here remark that w3y may
multiplied by any given number, and any of the ratios given may be added,
and the result will be a ratio close on the original period, but prime numbers
will be met with on reducing them, so high, as to render them unsuitable
for wheel-work. After a great many trials with numerous multipliers and
additive ratios, we have found none reducible to produce a period 8o near as
the ratio sfAY s —of being reduced into fractions for wheel-work,—from
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THE MooN’s RotaTioN DiscussioN, and THREE-WHEELED
ORRERY.—The rotation of the Moon on its axis was a subject
which was much discussed about the end of this year (1743),
and it continued to be a leading topic of debate for many years
afterwards, some admitting that the Moon did rotate, whilst the
many denied its existence. This was an opportune question of
discussion for Ferguson, so soon after his arrival in London, and

this ratio AA7rs = 14 X A X % = 365d. 5h. 48 m. 51:6017s. Wo
annex a sectioua? plan of the wheel-work, and shall here merely note, that
in the section, pinion 9 must turn once round on its axis in 24 hours, and
drive a contrate wheel of 104 teeth, with its teeth looking downiwards, (in order
that the last wheel in the train may turn round in the proper direction). Wheel

104 has above it a small wheel or pinion of 21 made fast to it, whieh turns a wheel
of 148 teeth, and has on its axis a small wheel of 33 teeth, that turns wheel 148
once round in 365d. 5h. 48 m. 516017 s., and a bar on its axis will be carried
round along with it in this period. In giving this extremely accurate ratio to the
public, we are induced to append to it a train of wheels equally accurate for the
period of a mean lunation, which consists of 290 d. 12 h. 44 m. 2-887s. Immediately
above the small wheel 21 (on the axis of wheel 104, of the annual train), is
made fast a wheel having 53 teeth, which drives a wheel of 87 teeth, and on the
same socket, under it, is riveted a wheel of 88 teeth ; these two wheels are here
supposed to move round on the shaft of the middle wheel 148, but they may he
placed on a stud by themselves in any convenient position ; but in the present
case, assuming they turn round on the axis of the middle wheel of 148 teeth, it
must be understood that they do so, not fixed on said axis, but both turning round
together loose upon it, and have therefore no connection with the motion of the
axis of said wheel 148. The last-named wheel 88 being fast on the socket of
wheel 87, turns round with it in the same time, and turns a wheel of 137 teeth—
(which turns loose on the axis of the last-mentioned wheel of 148 teeth) in 29 days
12h. 44m. 2:881 s.—For wheel 53 of the Moon's train is made fast to the axis of
wheel 104 of the annual train, which turns on its axis in 11:5555555555 days :—
the lunation, decimally expressed = 29-5305889673 d. —therefore, 13.233333222%
days is the fractional expression of the ratio, and on being reduced according to
rule in note 188, it will be found that y{#% is the nearest reducible ratio,—
11-5555555555 X 11919 = 1377306666660045 — 4664 = 29°53053889078 days, or
29d. 12h. 44 m. 2-88677472s., the true mean period being 29d. 12h. 44,
2-887 8., and {/&§°% = ffiy X 84, or §3 X%, the wheels used and as added in the
sectional plan. Or the wheel-work may be demonstrated thus:— 87 > §3 X 8 =
134819, and 123057641976 = 205305889, &c. =29 d. 12 h. 44 m. 2'851, &e.
8., a8 in former result. Thus, we have given to the modern orrery-maker num-
bers for a mean solar revolution of the Earth round the Sun, and a mean synodic
revolution of the Moon round the Earth, so accurate, that we venture to say that
it is not probable they will be surpassed,
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offered an excellent opportunity to him for the display of his
astronomical talents and ingenuity. Ferguson took the proper
side of the question, and ably and successfully demonstrated
that “the Moon did rotate on s awxis during its period-
ical revolution round the Earth” ' To the many, how-
ever, an ocular demonstration was necessary, and Ferguson
observing this, invented and constructed a simple, but very in-
genious and effective machine, which he afterwards called a
THREE-WHEELED ORRERY, and which satisfactorily exhibited
the existence of a rotation. This machine will be found de-
scribed, with an engraving, in Ferguson's “ Dissertation upon
the Phenomena of the Harvest Moon,” &c., pp. 49—72 (publish-
ed in London in 1747).

We annex a cut of this machine, reduced from the engraving
in said book, and shall describe its several parts and its use, as
it is now scarcely known.

Ferguson's Three-Wheeled Orrery.

Description of “ the Three- Wheeled Orrery.”—“ A A and BB
are two fixed plates kept together by pillars, as in the figure.

143 The Moon's rotation question was revived a few years ago, and was dis-
cussed by parties who did not appear to be well read on the subject of compound
motion. As it would be difficult to give a mathematical demonstration of the
Moon's rotation without the aid of a diagram, we shall confine ourselves to a
popular sllustration of the question which will be understood by all.

In the first place we may mention that the Moon, in its revolution round the
earth, always keeps the same side or hemisphere towards our earth—it does this
by virtue of its rotation.

Illustration.—Place a table in the centre of a room, and on the middle of it
set a terrestrial globe—let this globe be the representative of our earth. Next,
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D, E, and F are three wheels of equal numbers of teeth, biting
into one another; so that if any one of them be turned, the other
two turn equally round with it, D and F turning the same way,
and E the contrary. On the axis of D and of F (above the
plate B B), at G and H, is fixed the crank I, and the crank K,
whose perpendicular shanks come through the plate C Cat L and
M, within which plate they easily turn. The bar & has one of
its ends fixed into the plate A A, and has a screw, as i, on its
other end, which, being screwed into a table or wall, will keep
the machine from shaking, while the moveable parts of it are
wrought by the handle A. In the plate BB at b is fixed the
wire a, having the globe Z on its other end hanging over the
‘centre of the wheel F. On the shank V, as an axis, is fixed the
globe W and the index M, and on the other shank the index
Lis fixed. The crooked wire Y has its lower end fixed in the
plate CC at p, and its upper end into the cap X, within which
the ball W turns freely round. In the other end of the plate
B B is fixed the wire U at d, whereon the globe S hangs over
the centre of the wheel G, so as it may freely turn round on the
wire. To the globe S is fixed the piece Q, from which comes a
small wire that is fixed in the cap R, of such a length as to
allow the cap to turn freely round the globe P, whose axis O
inclines 234 degrees, being fixed in the plate C C at N; and from
the globe S proceeds a wire T which always points toward the
centre of the globe P.

Having fixed the machine to a table by the screw 7, turn the
handle % and you'll see all the wheels and cranks turning equally
round with the handle. By the cranks, the moveable plate CC
is carried over and over the fixed plates, in a parallel motion,
without turning round any axis whatsoever; for if a seaman's
compass, as ¢, be hung on this plate, the same points thereof
suppose your head to represent the moon, then walk slowly round the table,
keeping your face all the while directed to the globe, (as the Moon does to the
Farth), and you will find that during your circuit round the globe, with your face
always directed to it, all the sides of the room come successively and directly be-
Sfore your face. Now stand still, and make an effort to bring in succession, all the
four sides of the room directly before your face, as they came when walking round
the globe, and you will find that there is only one way in which it can be done, —
viz. turning round upon yourself, that is, by performing a motion of rotation.
In walking round the said globe as directed, every side of the room came into
view, and directly before your face. Standing still, and rotating upon yourself,
also brings all the sides of the room into view, and directly before your face,—the
effects being similar, they must arise from the same cause,—viz, in walking round

the globe you performed a rotation exactly as is done by the Moon during the
period of her revolution round the Earth.
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will constantly look to the same points of the horizon, and will
always stand perpendicularly over the same parts of this moving
plate which never changes its parallelism from the fixed plates;
but the shank or axis V turns the index M quite round a gra-
duated circle on the plate C C, marked 1, 2, 8, 4, in every revolu-
tion of the handle. And at the same time the globe W, on which
this axis is carried round about Z, to which it still keeps the
same side, but shows itself quite round to all the points of the
horizon, and turns round within the cap X, which still faces to-
wards one and the same point thereof; because it is fixed by the
crooked wire Y into the plate CC. In one revolution W will see
Z all round, because Z turns not ; but if the cap X be taken away,
and these globes connected by a wire, they will turn equally
round their axes, and will constantly keep the same sides to one
another; in which case, either viewed from the other, would ap-
pear to be at rest on its own axis ; but viewed by an eye at rest, and
at a distance from them both, they turn equally round their axes.

Now as the index M and the globe W are both fixed on the
shank or axis V they must turn equally with it; and as in every
revolution of the handle, they both show themselves round to
all the fixed points of the horizon, the index turning round a
circle which keeps parallel thereto, and the globe turning round
within a cap which still looks to one point thereof. It is plain
that both the globe W and the index Y do each turn round an
axis or mathematical line within itself, as the shank V necessarily
does ; and this shank might be fixed on any place of the crank
K (provided the other shank was fixed on the like place of its
crank, without which the machine would not perform), for it
would still turn the index and globe round the same way as it
now does by being fixed to the end thereof whereon it stands.
Therefore, while the whole crank is carried round the axis H of
the wheel F, every atom of the crank must turn round an axis
or mathematical line, within itself ; and the whole being carried
round through different points of space, in the time that every
part or atom turns round its own axis, their cohesion cannot be
destroyed, nor the crank reduced to dust” (Ferguson’s Essay
on the Moon’s turning round her own Axis, pp. 65, 67, and 70).
At page 70 of the same work, Ferguson says, “ A few wheels,
by a multiplied motion, from the axis of the index L to the
Earth’s axis, would give the Earth its diurnal motion, which
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any skilful mechanic might easily contrive.” Ferguson kept
this hint in mind, for shortly afterwards he calculated and
arranged the “ few wheels” necessary, and introduced them into
a very simple machine which showed the Earth’s rotation. Vide
“THE CRANK ORRERY,” pp. 127—130.

1746.

PROJECTION OF THE GREAT SOLAR ECLIPSE OF l4TH JULY,
1748.—Early in the year 1746, Ferguson calculated the times of
beginning, middle, and end of the great eclipse of the Sun, and
the digits obscured, which was predicted to happen on 14th July
1748. After having finished his calculations, he made a careful
projection of the eclipse, had it engraved, and shortly afterwards
published, with a description of it, engraved on the plate. This is
one of those early literary productions of Ferguson's now forgot-
ten and unknown. The following is a copy of Ferguson'’s adver-
tisement of the projection of this eclipse, taken from page 2d
of that now very scarce Tract of his, the first of his published
works, entitled, “ The Use of a New Orrery,” published in Lon-
don in July 1746.)

“ A Projection of the Sun’s Eclipse, as it will happen on the
14th of July 1748, in the forenoon, at London, Edinburgh,
and Rome, by James Ferguson. Price One Shilling.”

Having published his projection of this eclipse early in 1746,
and as the eclipse did not take place until July 1748, the
projection was therefore on sale fwo years before it took
place. Ferguson probably published his projection so long be-
fore the event happened for the purpose of making known to
the public his powers as an original calculator, and thus to pre-
pare the way for his lectures on this eclipse, which were delivered
before considerable audiences in several places in London dur-
ing the year 1748. (See date 1748—Solar Eclipse).

A TRrAcT ENTITLED * THE USE OF A NEW ORRERY,” PUBLISHED
BY FERGUSON.—About the month of July 1746, Ferguson pub-
lished his first work, a small 12mo tract of 42 pages, entitled
“ The Use of a New Orrery made and described by James Fer-
guson : London, 1746 This tract by Ferguson appears to
have been written and published by him for the purpose of
making the public aware of the merits and accuracy of the large
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wooden orrery, which he had got completed in the previous
year. In his preface he gives an explanation of the term orrery,
and alludes to several early astronomical machines which ex-
hibited the motions of the celestial orbs; after which, he gives
a minute description of the appearance, the motions, and the
general phenomena arising therefrom, in his own recently con-
structed orrery, and which we have described (see the orrery,
date 1743). The frontispiece of this tract has a large and ele-
gant folding engraving of the external appearance of his orrery,
which is the same engraving he afterwards prefixed to the
several editions of his celebrated work on Astronomy, from
which we are inclined to conclude that although Ferguson did
not construct the wheel-work of any two of his orreries alike,
he appears to have, at least in his large orreries, preserved the
same external appearance. This frontispiece (reduced) will be
found at the beginning of the description of the wheel-work of
this orrery, under date 1745, when it was finished. This tract
is now exceedingly scarce. We only obtained our copy, after
a search of several years.

THE PHENOMENA OF VENUS REPRESENTED IN AN ORRERY.
—Towards the end of this year (1746) Ferguson made a
delineation of the apparent path of Venus as seen from the
Earth, deduced from their motions and positions during the
period of their conjunctive revolution (a period of 583 days).
After finishing his delineation, Ferguson wrote out a con-
cise account of it, and presented it to a member of the Royal
Society, who shortly afterwards showed the delineation at a
meeting of that body, and read the paper descriptive of it.
The members, after the said paper was read, applauded it, and
ordered it to be recorded in their Transactions, which was duly
done. The following is the title of the paper in the abridged
Transactions of the Royal Society.

“ THE PHENOMENA OF VENUS A8 REPRESENTED IN AN
ORRERY, by James Ferguson.” Vide Phil. Trans.
Abrid. IX. p. 226, date, 1746.

In delineating the apparent path of Venus as seen from the
Earth, Ferguson, in the 138th section of his Astronomy, men-
tions, that he made use of the orrery represented on the frontis-

piece, facing the title-page of that work ; consequently, the orrery
N
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he finished in 1745 is the same one he refers to in his Astro-
nomy, 1st Edition, 1756. In using this orrery for the deline-
ation, he removed from it the balls representing the Sun,
Mercury, Venus, the Earth, and the Moon, and put black lead
pencils in their places with the points turned upward; this
done, he then fixed a circular sheet of pasteboard so that the
Earth kept constantly under its centre in going round the Sun,
and also kept its parallelism ; then by pressing gently with one
hand upon the pasteboard to make it touch the three pencils,
with the other hand he turned the winch that put in motion
the machinery of the orrery. After having performed the
operation, he inspected the tracings made on the under side of
the pasteboard by the orrery pencils, and found that the Sun
had described a circle, whilst the pencils of Mercury and Venus
described looped curves, Mercury making the greatest number
of loops, Venus the least, in accordance with the relative times
of their revolutions. He afterwards confined his views to an
exact tracing of the apparent path of Venus seen from the Earth
as deduced from the orrery, and made it the subject of the paper
already referred to, and which was read by one of the members of
the Royal Society at one of the meetings of that body about the
end of the year 1746. Of this orrery, see our remarks on its
wheel-work under date 1745; also, Ferguson's Astronomy,
Section 138; and for an engraving of the apparent paths of
the Sun, Mercury, and Venus, see Plate 1II. Fig. 1 of same
work.

THE FOUR-WHEELED ORRERY.—In the summer of this year
(1746), Ferguson invented and constructed an orrery having
only four wheels, and without either pinion or screw. As for-
merly noticed, this very simple orrery nevertheless exhibited the
Earth’s annual motion and the parallelism of its axis; the alter-
nate succession, and different lengths of day and night through-
out the year, and the beautiful change of seasons; the Sun's
place in the ecliptic; the Sun’s right ascension, amplitude,
and declination ; as also solur and sidereal time ; the periodic,
synodic, and diurnal motions of the Moon ; its age and phases;
the retrograde motion of the nodes of its orbit; and conse-
quently, all the eclipses of the Sun and Moon.

In his “Dissertation upon the Phenomena of the Harvest
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Moon, and Description and Use of a New Four-Wheeled
Orrery,” Ferguson gives a large folding engraving of the
exterior of this orrery, and with great minuteness describes its
external parts, its motions, phenomena, &c., but says nothing
about the internal mechanism by which so many astronomical
particulars were exhibited; his not having done so was the
cause which induced the public of that day to consider this
orrery * a mechanicul puzzle and a paradox.” Few could ac-
count for so many astronomical motions and phenomena being
produced by four-wheels only, and that too without the aid of
a pinion or a screw.

The internal mechanism of this orrery was known to but few
until the year 1756, when Ferguson published his great
work, “ Astronomy explained upon Sir Isuac Newton's Prin-
ciples” In chapter XIL of this work he describes his astrono-
mical machinery. In section 399 of this chapter he gives an
account of one of his astronomical machines, which he desig-
nates THE CALCULATOR, alluding to which, he says, “In the
year 1746 I contrived a very simple machime, and described
its performance in a small Treatise upon the Phenomena of
the Harvest Moon, published im 1747. I improved it soon
after by adding another wheel, and called it THE CALCULA-
TOR.” ' . From this it is evident that the internal mechanism
of the Calculator, with the exception of an additional wheel, was
precisely the same as that of the four-wheeled orrery. Having
in our possession a copy of Ferguson's “ Dissertation,” we have
looked carefully over it and compared the engraving and de-
scription of the orrery with the engravings and description of
his Calculator in his Astronomy, and out of them have made a
sectional wview, which we shall presently describe. In the
meantime, we give an engraving of the exterior of the four-
wheeled orrery, reduced from the original in Ferguson's book,
and also extracts taken out of his description of it. He says,

*In this machine, S represents the Sun, E the Earth, and M
the Moon. W, a wire is fixed in the Sun and points toward
the Earth’s centre, but does not touch its surface, because of the
graduated arc G, which is fixed in the south point of the horizon

144 The additional wheel here referred to was an apogee wheel, or ruther pulley,
introduced for the purpose of showing the mean place of the Moon's apogee in the
heavens, and regarding which the reader will find details in the description of
the CALCULATOR, under date 1749.
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H, and must go round with the motion of the Earth, so as not
to be hindered by the said wire. The horizon has all the points
of the compass drawn upon it, and likewise a graduated circle
showing the degrees of amplitude both of the Sun and Moon.

The Four-Wheeled Orrery.

‘The graduated arc has its degrees numbered from the horizon
to the zenith upon one side, for showing the altitude of the Sun
and Moon as they pass over the meridian ; and on the other side
it is graduated from above the equator to the tropics and a little
beyond them, for showing the declination of the Sun and Moon,
The before-mentioned wire, which, in the following parts of this
description I shall call a solar-ray, shows the Sun’s amplitude
at rising and setting, every day of the year, as it cuts the horizon
on the eastern or western side thereof, while the Earth is turned
round its axis; and in passing over the graduated arc, it shows
both the declination and meridian altitude of the Sun, which is
different every day, as the amplitude likewise is; for the Earth’s
axis i8 inclined 234 degrees from a line supposed to be drawn
perpendicular to the ecliptic; and as the Earth is carried round
about the Sun, its axis still continues parallel to itself; that is,
if in any part of the Earth’s annual path, a line be drawn
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parallel to its axis, the said axis will always keep parallel to
that line.

While the Moon goes round the Earth, she rises above and
falls below the plane of the ecliptic, or annual path of the Earth’s
centre, in her orbit, which is 5} degrees inclined thereto; con-
sequently, as one half of the Moon’s orbit is above the ecliptic,
and the other half below it, her orbit will cut the ecliptic in two
points diametrically opposite to one another, and these points are
called the Moow'snodes. Theyare marked upon theinclined plane
P, to which plane the Moon always keeps parallel, because the
lower end of her axis lies upon it ; and because of its inclination,
the axis will rise and fall in the socket Q, which is fixed in the
bar T, that carries the Moon round the Earth. To this bar a
small index U is fixed, which constantly shows the Moon’s place
in her orbit, among the signs on the plate V. These signs
always keep parallel to themselves, as they go round the Sun;
but the inclined plane P with its nodes goes backward, so
that each node recedes through all the above signs in almost
19 years. On this inclined plane there are two graduated-
circles, the outermost whereof shows the degrees and parts
of a degree of the Moon's latitude, as it is north or south,
and the innermost circle shows her distance from either of her
nodes.

That node from which the Moon ascends northward above the
plane of the ecliptic, is called the ascending or north node ; be-
cause from it her latitude (or declination from the ecliptic) is
called north latitude ascending, until she comes to the highest
part of her orbit, or to her greatest north latitude. From thence
she has north latitude descending, until she comes to the south
node, so called, because from it the Moon descends southward
below the ecliptic, until she comes to her greatest south latitude,
in the lowest part of her orbit; whence she ascends in south
latitude, until she comes again to the north node; and then
ascends from it in north latitude, as before.

Two indexes are put upon the Earth’s axis, and by the Earth’s
diurnal motion they are carried round the dial-plate X, which
is divided into 24 hours. The shortest index shows the sidereal,
and the longest, the solar time.

The axes of the before-mentioned plates turn concentrically
within one another, and come from the wheel-work that is con-
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tained in the box B,™® wherein the Sun’s axis is fixed, and by
that means the solar-ray W constantly points toward the Earth’s
centre a8 it is carried round the Sun.

The large plate A is immoveable, because on it is drawn the
ecliptic (which is the standard of the whole instrument) with
its twelve signs, each containing thirty degrees, within which is
a circle of the twelve months divided into their respective days
in such a manner, that the degrees of the ecliptic show the Sun’s
place, as they stand over these days throughout the whole year.
The next or innermost circle contains 24 hours, which begin
with Aries at the 9th day of March; their use is to show the
Sur’s right ascension in time every day of the year. All these
are shown by the annual index Y fixed to the box, and so goes
round the above-mentioned circles, as the box is by hand turned
round upon a pin fixed in the centre of the large immoveable
plate.

If we imagine this circle of signs to be raised up from the
immoveable plate, as high as the centres of the Earth and Sun,
it will represent the situation of the ecliptic, in whose plane
the Earth always moves about the Sun, which remains in the
centre ; but will appear, as seen from the Earth, to go through
all. the twelve signs in a year, because he is seen by the inhabit-
ants of the moving Earth, who cannot perceive their own mo-
tion as they are carried along therewith.

While the Earth is carried once round the Sun by hand, it
shows all the beautiful variety of the four seasons, and the Moon
goes 12 times and } more round the Earth, from the Sun to the
Sun again; showing her lunations and phases; also, her latitudes
and distance from her nodes, as she rises above and falls below
the ecliptic in her inclined orbit, whose nodes go backward 193
degrees every year; and consequently, in 18% years, or little’
more, they go once backward through all the signs and degrees
of her orbit without ever disturbing the position of her signs ;
which, as above said, still keep their parallelism as they go
round the Sun, by looking toward their corresponding signs in

145 Ferguson, in his description of the four-wheeled orrery, does not explain
the wheel-work in the inside of the box. Probably he made such simple orreries
for sale, and thus kept its mechanisin secret ; be this as it may, we shall annex
a sectional view of the contents of the box, composed by us, from the sectional
view of his * Calculator,” which, he says, it resembled, excepting in the addition
of one wheel. (See article Calculator, date 1749).
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the ecliptic® And in this small circle of signs the Moon’s
place is shown at any time, as her age is on a circle of 294 equal
parts upon the box, round the lowermost edge of her inclined
plane or orbit.

On the box are several tubles for showing the place of the
north node, with the moon's age, week day, and day of the
month, for any time past or to come. By these tables the
machine may be rectified in two minutes to any given time, so
as to show the days of the weeks and months whereon the new
and full moons, and eclipses of any year, did or will happen.

The Sun is 13 inches in circumference, the Earth 9, and the
Moon 24; the box is 18 inches long, and the large immoveable
plate is 27 inches in diameter. The Earth in this machine has
no diurnal motion, but such a motion may.be given to it
by means of a string wrapped round its axis.”

One side of the Moon keeps always toward the Earth, and is
engraven, to distinguish it from the other. She turns round
her axis within a black cap, which shows her phases to be dif-
ferent every day, as seen from the Earth; but to the Sun she
always appears full, and turns herself once round to him in every
lunation, having only one day and one night in that time, equal
in length to 294 natural days on our Earth.” (Fergusons Dis-
sertation on the Harvest Moon, and Use of a New Four-Wheeled
Orrery, pp. 19—22). This description is followed by 26 pages
of print, showing how to rectify the orrery for exhibiting the
change of the seasons—the different lengths of day and night—
sidereal time—the Sun’s place in the ecliptic—right ascension—
declination and amplitude—the phenomena arising out of the
Moon’s motions—eclipses—precession of the equinoxes—the
Moon’s rotation, &c., much too long for insertion here.

As mentioned in our note, Ferguson does not describe the
internal mechanism of his orrery-box. 'This omission, no doubt,
was intentional ; done, to prevent any one from making it, and
for securing the invention entirely to himself. That the reader
may be made acquainted with the arrangement of the works
inside said box, we have designed a sectional plan of it, from
the pulley-work of his “ Calculator,” which, along with the

146 Instead of *‘ in 183 years or little more,” it should have lbeen, ‘‘in 18§
years or little less,” as 18§ years is equal to 18 years 243 days nearly ; whereas the
nodal period is one of about 18 years 224 days, or 18} vears nearly.
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short description we shall give, we trust, that its several simple
parts will be readily understood, and easily made by any in-
genious mechanic.

In the annexed figure, A A represents, in section, the large
circular ecliptic-plate, 27 inches in diameter, and B B, that of
the moveable box which contains the works. A strong wire }
inch in diameter, and square in the middle at ¢, is driven down
through the centre of the ecliptic-plate, and down a little way
into the pedestal K. Two holes } inch in diameter are made

Section of the Four-Wheeled Orrery, 1746.

in the top and bottom of the box at O and P, which fits on the
axis S K in the centre, and thus the box moves freely on the
axis or shaft as a pivot. The pulley ¢ is turned out of one piece
of wood, as shown in the section, and fits tightly on the square
part of the thick wire in the centre at ¢; and thus this large
pulley is immoveable, and the box may be carried round the
ecliptic-plate without in the slightest degree altering its posi- -
tion. The under part of the large fixed central pulley is grooved
at M, and this groove must be sharp at the bottom and 2 inches
in diameter; the central part D is also sharp grooved (as shown
by the dark line across its centre), and 6% inches in diameter.
The upper part has likewise a sharp cut groove at L, 2 inches
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in diameter. Thus the large fixed central pulley is actually a
combination of three pulleys, but, being in one mass, Ferguson,
singularly enough reckons it as one wheel, or rather as one
pulley only, and therefore has designated it “the Four- Wheeled
Orrery.”

Near the right hand end of the bottom of the box there rises
out of it, at W, a perpendicular spindle ,}5th of an inch in dia-
meter, which rises to a point nearly touching the lower part of
the oblique dial-plate under the Earth. On this fized spindle
the pulley E turns, having a long hollow axis which turns on
the before-mentioned spindle and reaches to near its top. Near
the upper end of the hollow axis of this pulley there is fixed a
small ecliptic circle, and a little above it and on the top of this
hollow axis is made fast the oblique-piece which carries the Earth
and its sidereal dial-plate. This pulley must, like those in the
centre, have a sharp-bottomed groove, and be exactly 2 inches
in diameter, taken from the bottom of the groove. This pulley
E being 2 inches in diameter, is exactly of the same diameter
as the pulley L in the centre. These two pulleys are connected
together by means of a cat-gut string J (not crossed); being
thus connected, pulley E will maintain its parallelism when the
box is carried round the large ecliptic-circle A A; and conse-
quently, as formerly mentioned, cause the Earth to show the
varied changes of the seasons.

Above pulley E there is a small pulley F having a sharp groove
cut into it ; the diameter, taken from the bottom of the groove,
must be exactly 4 inch in diameter ; a cat-gut string I (crossed)
connects this -inch pulley with the large one C in the centre,
and when the box is moved round the ecliptic-circle, the }-inch
pulley will make 12-&f; rotations, because 6-18 inches being the
diameter of the bottom of the groove in the large pulley C, and
‘5 of an inch that of the small pulley, the fraction thus becomes
7 33 =018 +- "5=1236, and these 1236 rotations is very nearly
equal to the number of revolutions which the Moon makes round
the Earth in a year. This 4-inch pulley has a hollow axis which
turns on the hollow axis of the pulley E under it, and ascends
to near the under surface of the small ecliptic plate V, and car-
ries on its top a horizontal bar T, having a short tube made fast
to its extreme end; the Moon’s shaft works up and down into
this tube, according to its contact with the inclined orbit below,

o



106 EXTENDED MEMOIR OF

as formerly described. This horizontal bar being fixed to the
top of the tube of the hollow axis of the 4-inch pulley, must
with it move round in the same time, and with it the Moon,
causing it to revolve round the Earth in 29 days 12 hours 45
minutes, as indicated by the passage of the annual index over
the days in the large ecliptic-circle, or 12 35 revolutions round
the Earth in the time taken by the annual index in traversing
all the signs and degrees of the ecliptic. The Moon is half
covered with a black cap, which, by means of a bent wire, is
connected with a swivel-pin on the top of the Sun; this pin has
a small hole in it, through which the end of the long wire has a
lateral motion to accommodate the variable distances of the
Moon from the Sun in its revolution round the Earth ; the other
end of this wire being fired to the back of the Moon’s cap,
causes the front of it to look always towards the Sun during its
circuit round the Earth, thereby showing the varied phases of
the Moon as seen from the Earth—and always a full Moon as
seen from the Sun.

Above the 4-inch pulley there is another one, G, having a
sharp-bottomed groove, the diameter of which, measured from
the bottom of the groove, must be 18 inch nearly; this pulley
is, by means of an uncrossed cat-gut string, connected with the
upper central pulley L, which, as before noted, is exactly 2
inches in diameter, as measured from the bottom of its groove.
This pulley being Jlsth of an inch less than that in the centre,
will not keep its parallelism as the lower pulley E does, but
will gain a little yearly, giving a retrograde motion to it in 18§
years, which is the period of the Moon’s nodes. Instcad of a
pulley 198 inch in diameter at the bottom of its groove, one of
18%'s will give a more correct nodal revolution; but as it is
impossible to make a groove to answer this fraction, the bottom
of the groove ought to be made 1% inch in diameter, and
then by trials, nicely reduced a little, by means of a triangular-
shaped file. This pulley G has a hollow axis which turns on
that of the Moon, and ascends about 1 inch above the surface of
the box, and carries on its top the oblique orbit of the Moon N,
and causes it to make a retrograde revolution through all the
signs and degrees of the ecliptic in 18§ years.

In concluding our description of the internal arrangements of
this very simple orrery, we may note that the grooves in all the
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pulleys ought to be shaped like the letter V, sharp at the bot-
tom, in order that the cat-gut strings may not slip during the
motion of the box. That a greater degree of security may be
given to these cat-gut strings to prevent them slipping, we
would recommend that each of the strings, at the letters H I J,
be furnished with a pulley moving on a joint, and by means of
a spring, cause the pulley to press the several cat-gut strings
inwards ; this would keep the strings tight on the pulleys in
all weather and under all circumstances.

As noticed at the beginning of the description, Ferguson
mentions that he improved this machine soon after it was made
“by adding another wheel” to it, and thencalled it “the Cal-
culator” Whether Ferguson then made an entirely new
machine by adding an extra wheel to it, or simply altered the
four-wheeled orrery into the Calculator, is now not known. If
he altered the four-wheeled orrery into the Calculator, he would
do so by placing the pulleys into a new frame and bringing thom
into closer contact, as shown in the pulley-work of the Calcula-
tor ; and in having the works concealed from view by a circular
cover-plate, moving with the annual motion. (See view of the
Calculator, under date 1749). It is singular that Ferguson
should call this machine a four-wheeled orrery; a four-pulleyed,
or rather a siz-pulleyed orrery would have been the more correct
designation ; because, the central mass does not act as one, but
as three distinct pulleys. Ferguson calls these pulleys, wheels.
Wheels are usually understood to have teeth or cogs, while pul-
leys are wheels without teeth, simply grooved or plain round
the circumference.

1747.

“THE IMPROVED CELESTIAL GLOBE.”—About the beginning
of the year 1747, Ferguson improved the Celestial Globe by
adding a piece of apparatus to it which enabled him to show
the apparent diurnal revolutions of the Sun and Moon, with the
times of their rising, culminating, and setting, the age of the
Moon, &c. This improved globe was exhibited before the mem-
bers of the Royal Society, and at same time, there was rcad a
paper, written by Ferguson, descriptive of the new improve-
ment and its use. The paper and the improved globe were
approved of by the members, and the description was ordered
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to be printed, which was done in due course. The paper stands
indexed in their Transactions as,

“ An Improvement of the Celestial Globe, by James Fer-
guson, read before the Royal Society, on 14th May, 1747.”
See Phil. Trans. Vol. 44, page 535.

We annex an engraving of the Celestial Globe, as improved
by Ferguson, along with a full description of it.

Iinproved Celestial Globe.

“On the north pole of the axis, above the hour circle, is fixed
an arc M K H of 23} degrees, and at the end H is fixed an
upright pin HG, which stands directly over the north pole of
the ecliptic, and perpendicular to that part of the surface of the
globe. On this pin are two moveable collets at D and H, to
which are fixed the quadrantal wires N and O, having two little
balls on their ends for the Sun and Moon, as in the figure. The
collet D is fixed to the circular plate F, on which the 294 days
of the Moon’s age are engraven, beginning just under the Sun’s
wire N ; and as this wire is moved round the globe the plate F
turns round with it. These wires are easily turned if the screw
G be slackened ; and when they are set to their proper places,
the screw serves to fix them there, so that when the globe is
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turned, the wires with the Sun and Moon may go round
with it; and these two little balls rise and set at the same
times and on the same points of the horizon, for the day
to which they are rectified, as the Sun and Moon do in the
heavens.

Because the Moon keeps not in her course in the ecliptic (us
the Sun appears to do), but has a declination of 5} degrees on
each side from it in every lunation, her ball may be screwed as
many degrees to either side of the ecliptic as her latitude or
declination from the ecliptic amounts to at any given time ; and
for this purpose, S is a small piece of pasteboard, of which the
curved edge at 8 is to be set upon the globe at right angles to
the eclipti¢, and the dark line over 8 to stand upright upon it.

From this line, on the convex edge, are drawn 5} degrees of
the Moon’s latitude on both sides of the ecliptic; and when this
piece is set upright on the globe, its graduated edge reaches to
the Moon on the wire O, by which means she is easily adjusted
to her latitude, found by an ephemeris.

The horizon is supported by two semicircular arcs, because
pillars would stop the progress of the balls when they go below
the horizon in an oblique sphere ¥

To rectify this Globe.—Elevate the pole to the latitude of
the place; then bring the Sun’s place to the ecliptic for the
given day to the brass meridian, and set the hour-index to XII.
at noon, that is, to the upper XIIL on the hour-circle, keeping
the globe in that situation; slacken the screw G and set the
Sun directly over his place on the meridian, which being done,
set the Moon’s wire under the number that expresses her age
for that day on the plate F, and she will then stand over her
place in the ecliptic and show what constellation she is in;
lastly, fasten the screw G, and laying the curved edge of the
pasteboard, S, over the ecliptic, below the Moon, adjust the Moon
to her latitude over the graduated edge of the pasteboard, and
the globe will be rectified.

Its use—Having thus rectified the globe, turn it round, and
observe on what points of the horizon the Sun and Moon balls

147 This simple auxiliary L:rgautus of Fe n’s may be used with effect by
those who have their Celestial Globe mounted on a pillar. We had the apparatus
made for our globe, and the cost was only 30s.; and we believe that the same
mechanician continues to supply them at same price.
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rise and set, for these agree with the points of the compass on
which the Sun and Moon rise and set in the heavens on the
given day; and the hour-index shows the times of their rising
and setting, and likewise the time of the Moon's passage over
the meridian.

This simple apparatus shows all the varieties that can happen
in the rising of the Sun and Moon, and makes the phenomena
of the Harvest Moon plain to the eye. It is also very useful in
reading lectures on the globes, because a large company can see
this Sun and Moon go round, rising above and setting below
the horizon at different times, according to the seasons of the
year, and making their appulses to different fixed stars. But
in the usual way, where there is ouly the places of the Sun and
Moon in the ecliptic to keep the eye upon, they are easily lost
sight of, unless they be covered with patches.” (See Ferguson’s
Astronomy, Chapter XII. Astronomical Machinery, article 401,
and Plate IIL, figure 3; also, The Universal Magazine, Vol. 7,
with Plate, &c.) ‘

“ A DISSERTATION UPON THE PHENOMENA OF THE HARVEST
MooN,” &c., Published.—Ferguson published this his second
work in July, 1747, being a small 8vo of 72 pages, and illus-
trated by three folding engravings. As formerly mentioned,
Ferguson, in his own memoir, notices this publication, and calls
it his first work; but it was really his second. At page 5 of
his preface to this “ Dissertation,” he refers to his first work—
apologises for an error in it, and also for the printer, for his faulty
printing. We do not find “ the Dissertation” advertised in any
of the London newspapers or magazines before July, 1747; and
as it comes first into notice this month, we conclude it was then
just published. The following is a copy of an advertisement
of it in the Gentleman's Magazine :—* Dissertation on the
Phenomena of the Harvest Moon ; 3 Copper-plates ; by James
Ferguson.” (Gentleman’s Magazine, Vol 17, p. 348, July, 1747 ;
see also note 82.)

THE PLANETARY GLOBES INSTRUMENT.—During the summer
of 1747, Ferguson invented and made, for the illustration of his
future lectures, a curious and simple apparatus, which he after-
wards designated “ THE PLANETARY GLOBES” The annexed
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wood-cut shows its appearance, and the following is a descrip-
tion of its several parts, its use, &c.

In the engraving the letter T represents a terrestrial globe
fixed on its axis, standing upright on the pedestal CDE, on
which is an hour circle, having its index fixed on the axis, which
turns somewhat tightly in the pedestal so that the globe may

Planetary Globes.

not shake, to prevent which, the pedestal is about two inches
thick, and the axis goes quite through it, bearing on a
shoulder. The globe is hung in a graduated brazen meridian,
much in the usual way, and the thin plate N, NE, E, is a move-
able horizon, graduated round the outer edge, for showing the
bearings and amplitudes of the Sun, Moon and planets.
The brazen meridian is grooved round the outer edge, and in
this groove is a slender semicircle of brass, the ends of which are
fixed to the horizon in its north and south points. This semi-
circle slides in the groove as the horizon is moved in rectifying
it for different latitudes. To the middle of the semicircle is
fixed a pin which always keeps in the zenith of the horizon,
and on this pin the quadrant of altitude ¢ turns, the lower end
of which, in all positions, touches the horizon as it is moved
round the same. This quadrant is divided into 90 degrees from
the horizon to the zenithal pin, on which it is turned at 90. The
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great flat circle or plate, A B, is the ecliptic, on the outer edge
of which the signs and degrees are laid down, and every fifth
degree is drawn through the rest of the surface of this plate
towards its centre. On this plate are seven grooves, to which
seven little balls are adjusted by sliding wires, so that they are
easily moved in the grooves without danger of starting out of
them.

The ball next the terrestrial globe is the Moon, the next
without it is Mercury, the next Venus, the next the Sun, then
Mars, then Jupiter, and lastly, Saturn; and in order to know
them, they are separately stamped with the following charac-
" ters:—@, ¥, % ®, 3 Y h This plate or ecliptic is supported by
four strong wires, having their lower ends fixed into the pedes-
tal at C D and E, the fourth wire being hid by the globe. The
ecliptic is inclined 234 degrees to the pedestal, and it is there-
fore properly inclined to the axis of the globe which stands up-
right on the pedestal.*

To rectify this machine, set the Sun and all the planetary
balls to their geocentric places in the ecliptic, for any given time,
by an ephemeris; then set the north point of the horizon to the
latitude of your place on the brazen meridian, and the quadrant
of altitude to the south point of the horizon; which dune, turn
the globe with its furniture till the quadrant of altitude comes
right against the Sun, viz. to his place in the ecliptic; and keep-
ing it there, set the hour index to the XII. next the letter C,
and the machine will be rectified not only for the following
problems, but for several others, which the ingenious reader
may easily find out:—

Problem I. To find the amplitudes, meridian altitudes, and times of
rising, culminating, and setting of the Sun, Moon, and planets. Problem
II. To find the altitude and azimuthy of the Sun, Moon, and planets, at
any time of their being above the horizon. Problem III. The Sun’s
altitude being given at any time, either before or after noon, to find the
hour of the day and the variation of the compass in any known latitude.

148 From an old sketch of this machine which was shown to us in the winter
of 1831, by our friend Mr. Deane F. Walker, lecturer on Astronomy in London,
it would appear (from the measurements there given), that the terrestrial globe of
this machine was 9 inches in diameter ; the large ecliptic, 21 inches in dia-
meter ; the pedestal or base, 2 feet diameter ; the height of the lowest point of
the ecliptic from the base, 9 inches, and the highest point about 16 inches.
The buﬁs representing the Moon, Mercury, Venus, the Sun, Mars, Jupiter, and
Saturn, were of ivory, and about three-fourths of an inch in diameter each,
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(Vide Ferguson’s Astronomy, Chap. XIL, article “ The Planetary
Globes ;” and for engraving of same, see Plate IIL and fig. 3 of same
work.)

ASTRONOMICAL CLoCK.—About the end of the year 1747,
Ferguson invented and made a large wooden model of an As-
tronomical Clock, for the illustration of his future lectures, which

Fig. 1.

Dial Fuce of Astronomical Clock.

showed, with considerable accuracy, the apparent diurnal motion
of the Sun, Moon, and Stars; with the times of their rising,
southing, and setting; the places of the Sun and Moon in the
ecliptic; and the age and phases of the Moon throughout the
year. Ferguson, in his “ Tables and Tracts,” London, 1767,
describes this clock at pages 111—116, and informs us that it
was made “about twenty years ago,” thereby showing that it
was made in 1747 ; and on referring to our notes, we find that
it appears to have been made about the close of this year. TFhis
clock is also described in Ferguson's “ Select Mechunical Exer-
cises,” pages 19—31, illustrated by a folding copper-plate en-
P
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graving of the wheel-work and dial-plate, which we have re-
duced and here annexed. The following is a description of this
curious clock in all its details :—

The dial-plate of this clock is represented by the annexed
Fig. 1. It contains all the 24 hours of the day and night, and
each hour is divided into 12 equal parts, so that each part
answers to 5 minutes of time.

Within the divisions of the hour-circle is a flat ring, the face
of which is just even (or in the same plane) with the face of the
hour-circle. This ring is divided into 294 equal parts, num-
bered 1, 2, 3, 4, &c., from the right hand toward the left, which
are the days of the Moon's age from change to change. The
ring turns round in 24 hours, and has a fleur-de-lis upon it
serving as an hour-index to point out the time of the day or
night in the 24 hour circle.

Within the ring, and about 1% inch below its flat surface,
is a flat circular plate, on which the months and days of the
year are engraved; and within these, on the same plate, is a
circle containing the signs and degrees of the ecliptic, divided
in such a manner as that each particular day of the year stands
over the sign and degree of the Sun’s place on that day.

Within this circle, on the same plate, the ecliptic, equinoctial,
and tropics, are laid down, and all the stars of the first, second,
and third magnitude that are ever seen in the latitude of Lon-
don, according to their respective right ascensions and declina-
tions ; those of the first magnitude being distinguished by eight
points, those of the second by six, and those of the third by five.
This plate turns round in 23 hours 56 minutes 4 seconds and 6
thirds of time, which is the length of a sidereal day;® and
consequently, it makes 366 revolutions (as the stars do in the
heavens) in the time the Sun makes 365, the number of sidereal
days in a year exceeding the number of solar days by one.

Over the middle of this plate, and about four-tenths of an
inch from it, is a fixed plate E to represent the Earth, round
which the Sun, Moon, and stars move in their proper times—

149 The length of a sidereal day may be determined as follows:—The mean
length of a solar year is 365d. 5 h. 48 m. 516 s.; or decimally, 365'242264 days,
in which time the stars make 366:242264 revolutions ; therefore, 3656:2422684+
366242264 = 99726957 of a solar day; ‘99726957 reduced is 23 h. 56 m. 4s.
5°448 thirds. Those who do not understand decimals may state the question
thus:—I1f 366:242264 : 24 h. : : 365'242264 ?
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viz. the Sun in 24 hours, the Moon in 24 hours 504 minutes,
and the stars in 23 hours 56 minutes 4 seconds 6 thirds. The
Sun 8 is carried round by a wire A which is fixed into the in-
side of the Moon’s age-ring, even with the fleur-de-lis; the
Moon, M, is carried round by a wire B which is fixed to the axis
of a wheel below the Earth, E, and the star plate is turned round
by a wheel at the back of the dial-plate.

-Over the dial-plate is a glass, as is in common clocks. On this
glass is an ellipsis H, drawn with a diamond, to represent the
horizon of the place for which the clock is to serve, and across
this horizon is a straight line ¢ E d (even with the two XII's.)
to represent the meridian. All the stars that are seen at any
time within this ellipsis are above the horizon at that time, and
all those that are without it, are then below the horizon. When
any star on the plate comes to the left-hand side of the horizon
(the stars moving from left to right), the like star in the heavens
is rising; when it comes under the meridian line ¢ E, the like
star in the heavens is on the meridian of the place; and when
it comes to the right-hand side of the horizon, the like star in
the heavens is setting.

When the point of the ecliptic that the Sun’s wire A inter-
sects comes to the left-hand side of the horizon on any day of
the year cut by that wire, the fleur-de-lis will be, at the time
of the Sun’s rising, in the 24 hour circle; and at the time of
his setting when the intersection of the Sun’s wire and
ecliptic comes to the western side of the horizon. The like
is to be understood with regard to the rising and setting
of the Moon, when the point of the ecliptic, which her
wire B intersects, comes to the left and right hand sides of
the horizon.

Every 24 hours, the Moon’s wire shifts over one day of her
age in the circle of 294 equal parts on the flat ring before men-
tioned. Each of these day spaces is divided into four equal
parts, for showing the Moon’s age to every sixth hour thereof.
Thus, as the Moon’s wire B stands in the engraving, it shows
the Moon to be 8 days and 18 hours old. It shifts quite round
the ring, and carries the Moon round from the Sun